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FOREWORD 


The  Army  is  currently  implementing  a  broadly  based  force 
modernization  program  featuring  the  introduction  of  a  large 
number  of  sophisticated  new  materiel  systems  and  simultaneous 
redesign  of  its  force  structure  (Division  86)  in  an  all-volunteer 
environment.  This  ambitious  effort  places  heavy  demands  on  the 
Army's  manpower  and  training  resources.  Projected  declines  in 
the  qualitative  and  quantitative  manpower  pool  from  which  the 
Army  must  recruit  its  future  soldiers  will  compound  that  problem 
over  the  next  several  years.  ~ 

,  A  necessary  early  step  in  coping  with  the  Manpower ,  Person¬ 
nel,  and  Training  (MPT)  resource  problem  is  the  production  of  an 
accurate  and  timely  accounting  of  the  number  of  people  and  skills 
needed,  system  by  system  and  in  the  aggregate,  to  operate  and 
maintain  new  equipment  once  fielded.  To  this  end,  the  Army  has 
developed  an  elaborate  materiel  acquisition  process  and  a  number 
of  regulations  and  instructions  which  address  the  MPT  issues  to 
be  considered  during  system  development  and  acquisition. ^Never¬ 


theless,  a  number  of  negative  judgements,  summarized  beloW\and 
generally  supported  by  previous  study  findings,  have  been  made 
about  the  Army's  ability  to  determine  MPT  requirements  for  new 
systems . 

o  Tools  and  techniques  for  predicting  manpower  requirements 
and  guidance  for  their  application  are  both  inadequate  and 
unevenly  applied. 

o  The  process  whereby  MPT  requirements  are  documented  and 
transmitted  is  overly  complex,  slow,  and  fails  to  include 
direct  early  participation  of  Army  personnel  community 
representatives . 


o  Materiel  developers  often  fail  to  understand  the  impact 
that  MPT  requirements  have  on  the  ultimate  cost  and  opera¬ 
tional  utility  of  a  new  piece  of  hardware  once  fielded; 
consequently ,  insufficient  funds  and  effort  are  devoted  to 
MPT  analysis  and  human  factors  engineering  during  early 
stages  of  system  development. 

Jointly  sponsored  by  the  Defense  Systems  Management  College 
(DSMC)  and  the  US  Army  Research  Institute  for  the  Behavioral  and 
Social  Sciences  (ARI) ,  this  study  effort  by  Information  Spectrum, 
Inc.  under  contract  MDA  903-81-C-0386  is  one  of  several  initia¬ 
tives  designed  to  respond  to  concerns  being  raised  about  the  ade¬ 
quacy  and  timeliness  of  the  Army's  MPT  requirements  determination 
procedures.  It  supports  ARI's  intensive  system  manning  tech¬ 
nology  research  and  development  program  and  DSMC's  increased  edu¬ 
cational  emphasis  on  performance  of  more  effective  man-machine 
tradeoffs  during  early  stages  of  the  materiel  acquisition  pro¬ 
cess  . 

This  report  is  one  of  five  resulting  from  ISI's  research 
effort.  Each  of  the  first  four  is  a  case  study  that  describes 
and  analyzes  the  procedures  used  to  determine  MPT  requirements 
for  a  specific  materiel  system,  and  relates  accomplishment  of 
actual  MPT  events/documents  to  those  called  for  in  the  Life  Cycle 
System  Management  Model  ( LCSMM) .  A  fifth  report  analyzes  find¬ 
ings  from  the  four  case  studies,  draws  systemic  conclusions,  and 
makes  recommendations  for  improving  the  MPT  requirements  deter¬ 
mination  process. 


EXECUTIVE  SUMMARY 


BACKGROUND 

Growing  concern  with  the  soldier-machine  interface  problem, 
the  future  manpower  pool  available  to  the  Army,  and  the  Army's 
ability  to  make  accurate  and  timely  determinations  of  the  quanti¬ 
tative  and  qualitative  Manpower,  Personnel,  and  Training  (MPT) 
requirements  for  newly  developed  systems  provided  the  impetus  for 
the  study  of  several  emerging  materiel  systems.  This  report  exa¬ 
mines  the  AN/TTC-39  Program,  one  of  four  systems  selected  for 
study.  A  comparative  analysis  report  will  examine  the  results  of 
the  four  system  case  studies,  identify  systemic  problems  with  the 
Army's  MPT  requirements  determination  procedures,  and  recommend 
solutions  to  identified  deficiencies. 

APPROACH 

The  AN/TTC-39  Program  review  was  divided  into  three  major 
phases:  literature  review,  data  collection,  and  data  analysis. 
Official  Department  of  Defense  (DOD)  and  Department  of  the  Army 
(DA)  publications  concerning  the  MPT  effort  within  the  system 
acquisition  process  were  reviewed;  earlier  and  on-going  studies 
were  also  researched.  Specific  AN/TTC-39  Program  data  was 
obtained  from  interviews  with  and  draft  and  final  MPT  documen¬ 
tation  prepared  by  Army  materiel  developers,  combat  developers, 
trainers,  testers,  manpower  planners,  personnel  managers,  and 
logisticians.  Data  was  analyzed  within  the  context  of  the  MPT 
documents/events  identified  in  the  Life  Cycle  System  Management 
Model  (LCSMM) ,  as  modified  by  the  AN/TTC-39  Program  acquisition 


strategy.  Tools  and  techniques  used  to  determine  system  MPT 
requirements  were  evaluated  against  those  prescribed  by  the  Army. 
The  analysis  paid  particular  attention  to  how  much  emphasis  was 
placed  on  MPT  issues  in  early  requirement  and  contractual  docu¬ 
ments. 

MAJOR  FINDINGS 

Human  Factors  Engineering  (HFE)  had  little  influence  on  the 
design  of  either  switch  because  neither  requests  for  proposals 
nor  validation/engineering  development  phase  contracts  included 
definitive  and/or  enforceable  HFE  requirements.  Some  of  the 
same  HFE  problems  identified  early  in  the  engineering  develop¬ 
ment  phase  (1974  -  1975)  were  still  being  cited  as  deficiencies 
in  various  government  tests  conducted  between  June  1978  and  March 
1980 ,  including  a  formal  HFE  analysis. 

Early  estimates  of  qualitative  manpower  requirements  prepared 
by  the  switch  contractor  (GTE)  in  1975  and  1976  were  not  sup¬ 
ported  by  any  detailed  task  and  skill  analysis,  and  were  accorded 
only  a  cursory  review  by  the  Army.  These  data  remained  essen¬ 
tially  unchallenged  until  initial  government  development/opera¬ 
tional  testing,  which  began  in  June  1978  (some  6  1/2  years  after 
program  start),  was  completed  near  the  end  of  the  engineering 
development  phase  in  May  1980.  Consequently,  significant 
Military  Occupational  Specialty  (MOS)  changes  and  concomitant 
training  adjustments  had  to  be  made  after  the  switches  were 
approved  for  production.  These  late  MOS  and  training  modifica¬ 
tions  have  caused  turbulence  in  the  Army  Signal  personnel  and 


training  communities  and  adversely  affected  timely  and  efficient 
conduct  of  the  follow-on  evaluations  of  switching  equipment  man¬ 
dated  by  the  DSARC  III  decision  for  both  switches. 

Estimated  quantitative  maintenance  manpower  requirements 
above  the  organizational  level  so  far  have  not  been  validated  by 
either  testing.  Logistic  Support  Analyses  (LSA) ,  or  by  any  other 
analytically  based  method.  True  requirements  may  not  be  known 
until  sometime  after  the  switches  are  fielded.  Should  those 
requirements  prove  to  have  been  underestimated,  supportability  of 
initially  fielded  systems  could  be  adversely  affected. 

A  number  of  existing  field  communication  equipments  and  Army 
Signal  organizations,  as  well  as  communication-electronic 
materiel  still  under  development,  must  eventually  interface  with 
the  AN/TTC-39  Program  switches.  The  indirect,  but  nevertheless 
real  and  possibly  significant,  impact  that  switch  deployment  will 
have  on  the  manpower  and  training  requirements  of  these  other 
systems  and  organizations  is  still  unknown. 
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SECTION  I  -  INTRODUCTION 

A.  BACKGROUND 

Materiel  Systems  Acquisition  programs  are  the  subject  of 
continuing  analyses,  reviews,  and  evaluations.  The  scope  and 
extent  of  these  program  appraisals  are  consistent  with  the  high 
cost  of  materiel  systems  over  a  life  cycle,  their  impact  on 
operational  capability  and  effectiveness,  and  their  demand  on 
current  and  future  resources.  Specific  guidelines  have  been 
established  for  development  and  acquisition  of  major  systems  by 
the  Departments  of  Defense  (DOD)  and  the  Army  (DA) .  The  process 
is  detailed  and  involves  many  management  levels. 

Despite  the  detail  and  depth  of  documentation  and  directives 
governing  the  acquisition  process,  problems  regarding  establish¬ 
ment  of  manpower  requirements  and  their  true  cost  have  been  pre- 
valent.  Sufficient  numbers  of  properly  trained  personnel  are 
essential  to  operate,  maintain,  and  support  current  and  future 
materiel  systems.  The  improvements  in  these  systems  offered  by 
new  technology,  a  corresponding  requirement  for  more  highly 
skilled  personnel,  the  steady  upward  trend  in  operating  and 
support  costs,  and  the  projected  reduced  availability  of  the 
recruitable  population  demand  a  close  and  early  look  at  man¬ 
power  requirements  for  materiel  systems  under  development  to  mea¬ 
sure  both  supportability  and  affordability. 

A  number  of  previous  studies,  some  of  which  are  cited  below, 
have  highlighted  problems  associated  with  the  determination  of 


■  ■■  ”  ‘A  5"  'A  'A  II.  .1.  i 


T 


Manpower,  Personnel,  and  Training  (MPT)  requirements  for  new  sys 
terns. 


1.  In  December  1978,  the  Logistics  Management  Institute 
concluded  a  study  of  manpower  planning  for  new  weapon  systems  for 
the  Assistant  Secretary  of  Defense,  Manpower,  Reserve  Affairs, 
and  Logistics  (ASD,  MRA&L) ,  complemented  by  seven  case  studies. 
Two  of  these  concerned  Army  systems,  i.e.,  TACFIRE  and  Patriot. 1 
Significant  findings  from  that  study  included  the  following: 


o  Most  estimates  of  manpower  requirements  made  during 
acquisition  programs  are  too  low. 

o  Operating  and  support  concepts  are  likely  to  vary 
throughout  the  acquisition  process,  causing  fluctua¬ 
tions  in  the  estimates  of  manpower  requirements. 

o  There  is  greater  uncertainty  associated  with  main¬ 
tenance  manning  than  with  any  other  element  of  new 
weapon  system  manpower  requirements. 

o  Estimates  of  new  system  manpower  requirements  fre¬ 
quently  reflect  program  goals  rather  than  unbiased 
assessments  of  manpower  needs. 

o  Manpower  goals  or  constraints  established  for  new 
systems  have  addressed  only  the  aggregate  manning  of 
the  using  unit,  not  total  manpower  or  skill  level 
requirements . 

o  Controlling  training  requirements  can  be  as  important 
as  constraining  manning  levels. 

o  Operational  test  and  evaluation  conducted  prior  to 
DSARC  III  does  not  normally  test  the  intermediate 
level  of  maintenance  support. 


2.  In  August  1980,  Generals  Walter  T.  Kei  win  and  George  S. 


Blanchard  prepared  a  discussion  paper  for  the  Army  Chief  of  Staff 
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1-Bet  ague,  Norman  E.,  Jr.,  et  al,  Manpower  Planning -for  New  Weapon 
Systems,  WN  ML  801-1  Through  WN  ML  801-9.  Logistics  Management 
Institute.  July  -  December  1978. 
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concerning  the  soldier-machine  interface  (SMI)  problem.2  In 
that  report.  Generals  Kerwin  and  Blanchard  stated, 

"The  Army  has  made  some  progress  in  dealing  with  this 
problem.  Many  efforts  are  underway.  However,  these  efforts, 
while  representing  steps  in  the  right  direction,  are 
.  fragmented,  based  on  reactions  rather  than  vision,  and,  to  a 
large  extent,  individually  initiated.  In  our  opinion,  these 
efforts  will  fall  short  in  coping  with  the  extent  of  the 
problem  in  time  to  have  an  impact  in  the  near  term. 
Significant  improvement  will  not  occur  quickly  unless 
efforts  are  integrated,  the  personnel  and  doctrine  people 
become  more  actively  involved  early  in  the  materiel  devel¬ 
opment  process,  and  the  Army  addresses  man/machine  interface 
in  its  broadest  sense  and  begins  to  think  tactical  system 
develop  ment  in  lieu  of  individual  materiel  development, 
individual  people  development  and  individual  support 
development . " 

Specific  observations  presented  in  the  report  included: 

o  The  Life  Cycle  System  Management  Model  (LCSMM)  must  be 
disciplined  concerning  the  manpower,  personnel,  training 
and  logistics  aspects  of  the  process.  Qualitative  and 
Quantitative  Personnel  Requirements  Information  (QQPRI ) 
and  Basis  of  Issue  Plans  (BOIP)  were  singled  out  as  exam¬ 
ples. 

o  Careful  consideration  of  MPT  impacts  must  precede  any 
variation  in  strategy  which  skips  a  phase  of  develop¬ 
ment  for  the  purpose  of  achieving  an  early  initial  Opera¬ 
tional  Capability  (IOC). 

o  Better  utilization  of  and  improvements  in  the  QQPRI 
process  are  needed. 

o  MPT  requirements  must  be  better  defined  during  concept 
evaluation. 

o  System  development  programs  must  recognize  training 

constraints  and  employ  sophisticated  techniques  to  reduce 
training  requirements. 

o  Human  Factors  Analysis  and  Engineering  must  become  a 
mandated  part  of  system  development  early  in  the  cycle. 


2Blanchard,  George  S.  6  Kerwin,  Walter  T. ,  Man/Machine  Interface 
-  a  Growing  Crisis,  Army  Top  Problem  Areas,  Discussion  Paper 
Number  2,  August  1980. 


o  PMs  and  TSMs  must  increase  their  emphasis  on  the  MPT 
features  of  the  Integrated  Logistics  Support  (ILS) 
process. 

o  The  personnel  community  must  become  an  active,  rather  than 
reactive,  part  of  the  acquisition  process. 


3.  Some  of  the  problems  with  the  BOIP/QQPRI  process  .identi¬ 
fied  by  Generals  Kerwin  and  Blanchard,  were  also  discussed  in  a  7 
January  1980  report  by  the  Army  Force  Modernization  Coordination 
Office  (AFMCO).3  In  its  examination,  the  BOIP/QQPRI  Task 
Force  reviewed  the  status  of  76  new  systems  and  found  that  of 
these  76,  the  BOIP/QQPRIs  were  late  in  29  of  the  systems  by  an 
average  of  19.5  months.  Note:  the  task  force  considered  current 
status  of  the  primary  item  only,  it  did  not  consider  associated 
equipment;  Test,  Measurement,  and  Diagnostic  Equipment  (TMDE ) ;  or 
training  devices.  Nor  did  the  task  force  consider  BOIP/QQPRI 
quality. 


Regarding  the  impact  of  the  late  BOIP/QQPRI,  the  task  force 
stated: 


"When  the  BOIP/QQPRI  are  not  submitted  on  time,  there  is  a 
high  probability  that  the  fielded  system  will  be  inadequately 
supported.  At  a  low  intensity  of  modernization  there  is  some 
opportunity  to  offset  late  BOIP/QQPRI  by  shifting  personnel 
and  materiel  resources  to  take  advantage  of  other  system 
delays  and  the  general  phase-in  of  equipment.  However,  the 
increased  in  tensity  of  modernization  during  the  next  four  to 
five  years  will  not  allow  this  opportunity.  In  short, 
twenty-nine  of  the  Army  Modernization  Information  Memorandum 
( AMIM)  systems  to  be  fielded  in  the  next  three  years  may  not 
be  adequately  supported  in  the  field." 


3HQDA,  Office  of  the  Chief  of  Staff,  BOIP/QQPRI  Task  Force 


Report,  9  January  1980. 


The  report  goes  on  to  say: 


"There  are  many  reasons  for  the  number  of  late  BOIP/QQPRI  in 
the  set  of  systems  the  task  force  examined.  Part  of  the 
reason  is  a  failure  to  adequately  discipline  the  system.  In 
many  cases  it  is  due  to  inadequate  priorities  being  assigned 
to  the  extreme  importance  and  value  of  the  system  with  a 
consequent  under  resourcing  of  manpower  at  all  levels.  Above 
-  all,  there  exists  no  mechanism  to  centrally  manage  and 
police  the  preparation  and  submission  of  the  BOIP/QQPRI." 


4.  A  previous  ISI  study  conducted  for  ARI,*  identified 
and  analyzed  the  MPT  information  required  to  be  generated  by  the 
Army's  LCSMM  process.  That  study  concluded  that,  if  properly 
prepared  in  the  sequence  stipulated,  MPT  information  should  be 
adequate  to  meet  LCSMM  milestone  goals.  However,  it  also  con¬ 
firmed  findings  of  other  studies  that  the  information  generated 
in  preparation  for  recent  Army  and  Defense  System  Acquisition 
Review  Council  (ASARC/DSARC)  reviews  had  been  inadequate  in  some 
quality  and  timeliness  of  MPT  planning  and  programming  during  the 
LCSMM  process. 


5.  In  January  1981,  amid  growing  concern  that  its  materiel 
systems  are  becoming  too  complex,  HQ DA  directed  U.S.  Army 
Training  and  Doctrine  Command  (TRADOC)  to  lead  an  internal  Army 
study  to  assess  the  impact  of  the  SMI  on  total  systems  management 
and  how  the  Army  can  better  match  men,  skills,  and  machines. 5 
The  study  was  designed  to  either  validate  or  recommend  revision 


*Rhode,  Alfred  S.,  et  al.  Manpower,  Personnel  and  Training 
Requirements  for  Materiel  System  Acquisition,  ARI,  February 
1980. 

5HQDA,  Soldier-Machine  Interface  Requirements  (Complexity)  Study 


to  the  existing  materiel  system  acquisition  procedures  to  insure 
that  the  Army  pursues  the  best  possible  course  to  match  men, 
skills,  and  machines  during  the  next  decade. 

To  accomplish  the  task,  the  study  addressed  in  a  very  broad 
sense  30  different  systems  representative  of  most  system  types  in 
various  mission  areas.  Further,  for  each  system,  the  study 
addressed  all  system-specific  tasks  associated  with  the  immediate 
soldier-machine  interface  at  operator;  maintainer,  and  repairer 
(through  GS)  levels. 

Since  the  objectives  of  that  complexity  study  were  similar  to 
those  of  this  effort,  coordination  was  established  with  the 
complexity  study  team  and  information  exchanged. 

B.  PURPOSE 

This  is  one  of  four  historical  case  studies  dealing  with 
Manpower,  Personnel,  and  Training  problems  associated  with  the 
Army's  acquisition  of  the  following  materiel  systems. 

o  AN/TYC-39  Message  Switch  &  AN/TTC-39  Circuit  Switch  (TCC- 
39  Program) 

o  Multiple  Launch  Rocket  System  (MLRS ) 

o  UH-60A  Helicopter  (BLACKHAWK) 

o  AN/TPW-36  Mortar  Locating  Radar  &  AN/TPQ-37  Artillery 
Locating  Radar  (F1REFINDER ) 

Each  case  study  examines  the  Army's  ability  to  comply  with 
its  stated  MPT  requirements  determination  procedures  during  the 
development  of  specific  systems,  and  assesses  the  timeliness  and 
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quality  of  the  MPT  products.  A  fifth  report,  which  accompanies 
these  case  studies,  analyses  the  four  systems,  identifying  simi¬ 
larities  and  differences  in  the  acquisition  process  and  drawing 
comparisons  where  appropriate.  It  is  stressed  that  the  principal 
objective  is  to  examine  when  and  how  well  MPT  requirements  were 
developed  and  expressed,  particularly  during  the  early  stages  of 
system  development. 

C.  APPROACH 

1.  System  Selection 

The  systems  selected  for  study  represent  a  cross  section  of 
Army  combat  development  mission  areas,  e.g..  Fire  Support  ( MLRS ) , 
Aviation  (BLACKHAWK),  Tactical  Surveillance,  Reconnaissance,  and 
Target  Acquisition  (FIREFINDER) ,  and  Communications  (AN/TTC-39 
Program).  Each  of  the  systems  selected  has  a  high  development 
priority  and  is  well  along  in  the  acquisition  process,  thus 
permitting  a  more  comprehensive  examination  of  actual  MPT  events 
and  documentation.  Availability  of  US  Army  Materiel  Development 
and  Readiness  Command  (DARCOM)  Project  Managers  (PM)  and  US  Army 
Training  and  Doctrine  Command  (TRADOC)  System  Managers  (TSM)  to 
interact  with  study  team  members  also  influenced  the  choice  of 
systems . 

2.  Scope 

For  each  system  case  study,  actual  MPT  events/documents  and 
organisational  elements  responsible  for  their  accomplishment  are 
identified  down  to  subordinate  elements  within  DARCOM  and  the 
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subordinate  proponent  school  level  within  TKADOC. 

Occurrence  of  events  are  portrayed  in  time  relative  to  the 
sequence  called  for  in  the  Life  Cycle  Systems  Management  Model 
(LCSMM) .6  The  May  1975  LCSMM  was  used  as  a  baseline  although 
some  early  acquisition  stages  in  the  systems  examined  began  prior 
to  that  date.  Tools  and  techniques  used  to  generate  MPT  require¬ 
ments  are  described  and  their  value  assessed.  Qualitative  and 
quantitative  changes  in  MPT  requirements  are  tracked,  beginning 
with  the  initial  establishment  of  system  need  and  continuing 
through  the  latest  completed  event  in  the  system's  acquisition 
process.  Reasons  for  such  changes  are  also  stated  in  those 
instances  where  data  availability  permitted  such  a  determination 
to  be  made. 

Where  possible,  the  adequacy  and  timeliness  of  MPT  informa¬ 
tion  are  assessed  to  determine  whether  ASARC;  DSARC ;  Planning, 
Programming,  and  Budgeting  System  (PPBS);  and  fielding  needs  were 
met.  If  not,  reasons  for  such  deficiencies  and  their  impact  are 
stated. 

The  fifth  report  identifies  and  analyzes  differences  in  when 
and  how  well  MPT  requirements  were  developed  and  expressed.  The 
reasons  for  and  impact,  if  any,  of  the  identified  differences  are 
assessed  to  identify  particularly  effective/ineffective  approach¬ 
es  to  generation  of  MPT  data;  common  problems  and  lessons  learned 
are  also  highlighted.  Recommendations  for  correction  of  identi- 


6 HQ DA,  Pamphlet  No.  11-25,  Life  Cycle  System  Management  Model  for 
Army  Systems,. May  1975. 
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fied  deficiencies  are  made,  taking  into  account  significant 


efforts  either  recently  completed  or  currently  underway  by  the 
Department  of  Defense  (DOD)  and  the  Army  to  improve  the  MPT 
requirements  determination  process,  e.g.f  Carlucci  initiatives; 
changes  in  Army  policies  and  procedures  for  processing  QQPRI  and 
B01P  (AR  70-2);  and  staffing  a  proposed  new  Military  Standard  for 
Weapon  System  and  Equipment  Support  Analysis  (MIL-STD-1388A) . 

The  research  effort  was  divided  into  three  major  phases: 
Literature  Review;  Data  Collection;  and  Data  Processing  and 
Analysis. 


3.  Literature  Review 


The  study  effort  began  with  a  review  of  literature  pertinent 
to  the  development  and  expression  of  MPT  requirements  for  new 
materiel  systems.  It  included  an  examination  of  policies  and 
procedures  promulgated  by  DOD;  Headquarters,  Department  of  the 
Army  (HQDA);  Headquarters,  DARCOM;  and  Headquarters,  TRADOC. 
Related  study  efforts  and  research  reports  such  as  those 
mentioned  in  paragraph  A,  supra,  were  also  reviewed  for 
background,  ideas  for  data  gathering  and  analysis  methods,  and  to 
avoid  unnecessary  overlap  and  duplication  of  earlier  efforts. 
Major  policy  and  procedural  document  sources  examined  daring  this 
review  are  cited  in  Appendix  A. 


4.  Data  Collection 


The  evolution  of  MPT  information  for  the  FIREFINDER  Program 
in  response  to  materiel  development  policies  and  procedures, 


including  the  LCSMM  and  the  Integrated  Logistics  Support 
Management  Model  ( ILSMM )  processes,  was  tracked  through  each 
phase  of  the  acquisition  process.  Data  was  gathered  through 
examination  of  draft  and  final  MPT  documents  and  face-to-face 
interviews  with  Subject  Matter  Experts  (SME)  representing 
combat/materiel  deve  lopers,  trainers,  testers,  manpower/person¬ 
nel  planners,  and  personnel  managers.  Data  cutoff  was  31  May 
1982.  Specific  organizational  elements  contacted  during  the 
collection  effort  are  identified  in  Appendix  B.  The  major  MPT 
source  documents  are  listed  in  Appendix  C. 

5 .  Analysis 

Information  collected  was  cataloged  and  analyzed  across  ac¬ 
quisition  milestones,  measured  against  MPT  data  requirements  in 
the  LCSMM,  and  where  appropriate,  compared  with  like  or  similar 
systems;  basic  criteria  for  analysis  were  timeliness  and  adequacy 
of  data  relative  to  LCSMM  and  Army  regulatory  standards.  The 
criteria  were  applied  in  examining  the  following  major  issues. 

o  Tools,  techniques,  and  standards  used  to  compute  and 
express  MPT  requirements  and  tradeoffs. 

o  MPT  requirements  documentation  and  flow  of  information  to 
decision  makers. 


o  The  acquisition  process  itself,  in  terms  of  MPT  require¬ 
ments  determination. 


II.  SYSTEM  SUMMARY 


A.  REQUIREMENT 

In  May  1971,  OOD  established  the  Joint  Tactical  Communication 
Office  (TRITAC)  to  design  and  implement  a  tri-service  tactical 
communication  system  which  would  make  efficient  use  of  the  exist¬ 
ing  analog  inventory  and  establish  common  standards  for  transit¬ 
ioning  to  the  rapidly  improving  digital  technology.  The  Joint 
Chiefs  of  Staff  ( JCS) ,  in  a  September  1971  memorandum  to  the 
Secretary  of  Defense,  initiated  a  Joint  Operational  Requirement 
(JOR)— ^  for  a  key  element  of  that  system:  a  family  of  auto¬ 
matic  hybrid  (analog/digital)  message  and  voice  switches  which 
would  provide  secure  high  speed  interconnection  between  existing 
analog  and  new  digital  communication  equipment  in  a  tactical 
environment.  The  Secretary  of  Defense  established  the  AN/TTC-39 
Program  (AN/TTC-39  Circuit  Switch  &  AN/TYC-39  Message  Switch)  in 
January  1972  as  the  central  and  lead  component  of  the  TRITAC 

effort,  and  assigned  development  responsibilities  to  the  Depart- 
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ment  of  the  Army.—  The  basic  requirement  document  was  amended 
9  / 

in  August  1974.—'  The  AN/TTC-39  Program  requirements  were 
reiterated  in  a  Mission  Element  Need  Statement  (MENS)  prepared  in 
November  1978  to  comply  with  DODD  5000.1  and  5000.2. 

2/  jcs  Memorandum  407  1,  "Validation  of  Requirements  for  TRITAC 
Transitional  Switch  (Model  A  Switch),  8  September  1971. 

8/ 

— '  Secretary  of  Defense  Memorandum,  "AN/TTC-39  Program",  3 
January  1972. 

9  / 

— '  JCS  Memorandum  352-74,  "Single  Shelter  300  Line  Non-Expand- 
able  AN/TTC-39  Circuit  Switch",  16  August  1974. 


B.  ACQUISITION  STRATEGY 

The  acquisition  program  was  structured  to  have  three  phases: 
validation ,  full-scale  engineering  development,  and  production/ 
deployment.  As  the  tasked  service,  the  Army  funded  the  valida¬ 
tion  and  engineering  phases  and  acts  as  the  procuring  service 
for  all  DOD  quantities  in  the  current  production  phase.  Test  and 
evaluation  of  the  AN/TTC-39  Program  has  been  coordinated  by 
TRITAC  Office  through  a  Joint  Test  Element  at  Fort  Huachucha, 
Arizona  that  is  funded  by  each  Service/Agency  on  a  pro-rata 
basis.  Major  acquisition  milestones  are  depicted  in  Figure 
II-l. 

1.  Validation  Phase  (Phase  I).  Competitive  prototype  design 
contracts  were  awarded  in  June,  1972  on  a  cost-plus-fixed-fee 
basis  to  two  contractors.  General  Telephone  and  Electronics  (GTE) 
and  International  Telephone  and  Telegraph  (ITT),  for  an  18-month, 
period.  As  part  of  Phase  I,  the  contractors  submitted  engineering 
development  design  proposals  for  Phase  II  and  proposed  performance 
trade-offs.  A  Source  Selection  Evaluation  Board,  supported  by  a 
Requirements  Tradeoff  Evaluation  Group,  evaluated  the  results  of 
Phase  I. 

2.  Full  Scale  Engineering  Development  Phase  (Phase  II).  The 
Defense  Systems  Acquisition  Review  Council  (DSARC  II)  authorized 
the  AN/TTC-39  program  to  enter  full  scale  engineering  development 
on  12  April  1974  (Decision  Coordinating  paper  (DCP)  135).  DSARC 
II  also  authorized  extension  of  Phase  II  from  18  to  36  months. 

A  cost-plus-incentive-fee  contract  was  awarded  to  GTE 
Syl vania  on  16  April  1974  for  the  design  and  fabrication  of  nine 
AN/TTC-39  circuit  switches  and  seven  AN/TYC-39  message  switches. 
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PRODUCTION/OEPLOYMENT 


Initial  delivery  of  equipment  was  scheduled  to  begin  in  April 
1977. 


During  the  early  stages  of  development,  problems  were  en¬ 
countered  by  the  contractor  in  the  design  of  both  hardware  and 
software.  By  May  1976,  the  Program  Manager  concluded  that  the 
lack  of  contractor  progress  threatened  to  breach  the  Decision 
Coordinating  Paper  (DCP)  Cost  and  Schedule  thresholds  and 
recommended  a  special  DSARC  review  of  the  program. 

On  the  recommendation  of  the  special  DSARC,  continuation  of 
the  program  was  authorized  in  accordance  with  a  revised  schedule 
approved  on  14  January  1977.  The  revised  schedule  permitted  a 
9-month  slip  in  development  of  the  AN/TYC-39  Message  Switch  and  a 
16-month  slip  for  the  AN/TTC-39  Circuit  Switch.  These  new  goals 
could  not  be  met;  therefore,  an  Army  approved  Cover  Sheet  Update  to 
DCP  135  proposed  revised  cost  and  schedule  changes  and  a  new 
acquisition  strategy  that  called  for  award  of  a  sole  source,  3-year, 
multi-year  contract  for  Phase  III  instead  of  the  originally  planned 
award  of  a  Long  Lead  Item  contract.  It  was  forwarded  to  OSD  in 
April  1978,  and  was  finally  approved  on  21  August  1979. 

The  DCP  Cover  Sheet  goal  of  October  1979  for  the  DSARC  III 
production  decision  milestone  was  based  upon  complete  development 
but  limited  operational  testing  of  the  circuit  switch.  In  June 
1979,  the  joint  services  test  community  indicated  that  meaningful 
operational  testing  of  the  Circuit  Switch  could  not  be  initiated 
until  November  1979.  This  issue  and  solution  alternatives  were 
assessed  by  the  Army  and  Air  Force  test  commanders  and  the  TRITAC 
Office.  Based  on  their  recommendation,  the  Assistant  Secretary 
of  Defense,  Communication,  Command,  Control  and  Intelligence 
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(ASD,  Cl),  by  memorandum,  dated  24  July  1979,  directed 
rescheduling  of  the  DSARC  III  Milestone  from  October  1979  to 
March  1980. 

In  January  1980,  it  was  determined  that  there  would  be  insuf¬ 
ficient  operational  testing  to  support  an  AN/TTC-39  production 
decision  by  March  1980.  The  AN/TYC-39  Message  Switch  proceeded 
alone  to  DSARC  III  and  received  a  positive  production  decision  on 
25  March  1980.  Meanwhile,  the  AN/TTC-39  was  still  undergoing 
initial  operational  testing  and  evaluation.  Although  a  production 
decision  for  the  AN/TTC-39  was  delayed,  a  single  production  award 
for  both  switches  remained  the  preferred  contracting  approach. 

The  AN/TTC-39  Circuit  Switch  proceeded  to  DSARC  IIIA  on  8  July 

\ 

1980,  and  was  found  ready  to  enter  the  full  production  phase.  On 
28  July  1980,  the  Secretary  of  Defense  approved  the  findings  of  the 
DSARC  and  the  contracting  approach  of  awarding  a  single  initial 
production  contract  for  both  switches.  The  Army  was  also  directed 
to  validate  fixes  on  prototype  equipment  by  further  testing  prior 
to  achieving  Initial  Operational  Capability  (IOC).  Follow-on  test 
results,  including  a  manpower  and  training  assessment  were  to  be 
reported  to  OSD  within  18  months. 

3.  Production/Deployment  Phase  (Phase  III).  A  multi-year, 
sole  source  procurement  for  three  years  was  awarded  to  GTE 
Syl vania,  the  Phase  II  contractor,  in  September  1980.  A 
follow-on  competitive  procurement  for  the  balance  of  service/ 
agency  requirements  is  planned  for  award  in  FY  84. 


C.  SYSTEM  DESCRIPTION 


1.  General. 

The  AN/TTC-39  Program  is  made-up  of  a  family  of  modular  and 
transportable  communications  switching  systems  designed  to 
provide  secure,  automatic,  processer  controlled  switching  for 
tactical  voice  and  message  traffic.  The  family  consists  of  two 
types  of  switches,  circuit  (AN/TTC-39)  and  message  (AN/TYC-39), 
which  perform  different  but  complementary  functions. 

The  Circuit  Switch  handles  analog  and  digital  voice  as  well 
as  data  communications.  The  Message  Switch  handles  data  exclu¬ 
sively  for  store  and  forward  service. 

The  switches  are  designed  to  operate  in  a  stand  alone  mode, 
with  each  other,  or  as  components  of  the  total  Army  Integrated 
Tactical  Communications  System  ( INTACS) /TRITAC  system.  The 
designs  of  the  switches  and  other  INTACS/TRITAC  equipment  is  such 
that  a  synergistic  improvement  in  capability  occurs  when  they  are 
employed  together.  To  achieve  this  effect,  the  TRITAC  equipment 
being  developed  by  the  various  services  and  their  contractors  on 
varying  schedules  must  all  interoperate  in  accordance  with  TRITAC 
specifications.  The  development  of  precise  interfaces  for  the 
message  and  circuit  switches  will  continue  well  into  the  life  of 
the  equipment. 

The  switches  use  microelectronic  components  and  design 
techniques  to  reduce  size,  weight,  and  power  consumption,  and 
they  are  stored-program  controlled.  They  have  a  high  degree  of 
hardware  commonality  in  design  to  include  component  parts, 
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central  processor,  peripheral  subsystems,  main  memory,  and 
general  design  approach. 

The  switch  equipment  modules  are  designed  to  be  mounted  in 
existing  S-280  mobile  shelters,  and  they  can  also  be  placed  in 
fixed  plant  configurations.  Capabilities  have  been  incorporated 
for  using  the  switches  in  strategic  as  well  as  tactical  applica¬ 
tions. 

2.  Like  Or  Similar  Systems  Replaced 

The  Message  Switch  will  replace  torn  paper  tape  manual  relays 
that  are  current  standard  tactical  equipment.  These  paper  tape 
systems  are  housed  in  truck -mounted  semi -trailer  vans  and  are  man¬ 
power  intensive,  extremely  heavy,  and  use  1950  era  technology.  The 
Circuit  Switch  will  replace  manual,  cord-and-plug  switchboards  that 
are  slow  and  also  manpower  intensive.  Primary  equipments  to  be 
replaced  are  listed  below: 

o  Telephone  Central  Offices  (AN/MTC-1  and  AN/MTC-9) 

o  Electromechanical  Automatic  Telephone  Central  Offices 
(AN/TTC-28) 

o  Interim  Processor  Controlled  Automatic  Central  Offices 
(AN/TTC-25,  AN/TTC-30,  and  AN/TTC-38) 

o  Manual  Record  Traffic  (messages)  Central  offices  and 
Relays  (AN/MGC-19,  AN/MGC-32,  AN/MGC-23,  AN/MGC-22,  and 
AN/MYQ-2) . 

Full  manpower  savings  will  not  be  realized  immediately  since 
the  shortage  of  switching  equipment  will  preclude  retirement  of 
obsolete  manual  equipment  until  sometime  in  FY86  when  almost  all 
the  automatic  switches  and  their  support  equipment  are  scheduled 
to  be  fielded  to  the  active  Army. 
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3.  AN/TTC-39  Circuit  Switch  (CS) 

The  AN/TTC-39  has  two  basic  configurations,  a  single  shelter 
300  line  model  (Figure  11-2)  and  a  dual  shelter  600  line  model 
(Figure  II-3).  Each  has  electrically  and  mechanically  inter¬ 
changeable  switch  matrices  which  can  be  either  analog  or  digital. 

The  initial  fielding  mix  of  80  percent  analog,  20  percent  digital 
can  be  changed  as  the  communications  environment  changes  to  pre¬ 
dominantly  digital.  The  Circuit  Switch  is  capable  of  interfacing 
with  a  wide  variety  of  existing  commercial  and  military  switches 
and  telephone  instruments.  Subscriber  features  include 
precedence  and  pre-emption;  preprogrammed  and  progressive  con¬ 
ferencing  (maximum  20  parties);  broadcast  conferencing  (maxinum 
30  parties);  call  transfer;  call  forwarding;  abbreviated  dialing; 
fixed  directory  for  mobile  subscribers;  attendant  recall;  auto¬ 
matic  intercept;  recorded  announcements;  and  full  operator 
service . 

In  addition  to  its  complement  of  switching  equipment,  the 
Circuit  Switch  provides  a  set  of  peripheral  equipments  consisting  of 
two  magnetic  tape  units,  a  video  display  unit,  and  two  teletype¬ 
writers  for  the  loading  of  programs  and  the  data  base,  modification 
of  the  data  base,  output  of  fault  and  status  reports  and  requests 
for  execution  of  maintenance  routines.  An  attendant  (operator) 
position  is  provided  within  the  shelter  and  up  to  three  additional 
remote  positions  can  be  accommodated. 

4 .  AN/TYC-39  Message  Switch  (MS) 

The  Message  Switch  in  25-  and  50-line  versions,  provides  the 
store  and  forward  capability  of  receiving  and  delivering  message 
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CIRCUIT  SWITCH.  DEPLOYED 


FIGURE  II 


traffic  for  both  dedicated  and  switched  subscribers  in  tactical  and 


strategic  environments.  Subscriber  and  service  features  include 
eight  levels  of  message  security;  individual  and  collective  routing 
with  an  average  processing  time  of  two  seconds  per  message;  message 
queuing  determined  by  six  levels  of  precedence;  absolute  message 
traffic  accountability;  and  message  history  storage  up  to  30  days. 

The  Message  Switch  is  housed  in  two  S-280  shelters  as 
depicted  in  Figure  II-4.  In  addition  to  its  complement  of 
switching  equipment,  the  AN/TYC-39  also  includes  visual  display 
units,  keyboards,  magnetic  type  units,  and  line  printer  units.  A 
Switch  Supervisor  enters  commands  into  the  system  and  monitors 
the  status  of  the  system.  A  Traffic  Service  Operator  receives 
copies  of  service  messages  sent  to  subscribers  by  the  switch  and 
messages  addressed  to  the  switch.  The  on-line  maintenance  func¬ 
tion  is  performed  using  the  Switch  Supervisor's  position  or  the 
teletypewriter  located  in  the  Communications  interface  shelter. 

D.  ORGANIZATIONAL  CONCEPT 

Both  switches  will  be  assigned  to  existing  US  Army  Signal 
units  serving  the  Corps  Headquarters,  the  Corps  Area  Communi¬ 
cation  System,  the  Theater  Army  Main,  Theater  Unified  Head¬ 
quarters,  the  Theater  Army  Area  Command  Headquarters,  and  the 
Theater  Area  Communication  System.  Currently,  seven  different 
Army  Signal  organizations  are  scheduled  to  be  equipped  with 
either  one  or  both  of  the  switches.  Some  eight  additional 
different  Army  organizations  will  be  directly  affected  by 
deployment  of  the  switches,  primarily  because  of  a  requirement 
for  additional  maintenance/support  personnel  and/or  equipment. 


50  LINE  MESSAGE  SWITCH 


COMMUNICATIONS  INTERFACE  SHELTER 


MESSAGE  PROCESSING  SHELTER 


E.  OPERATIONAL  CONCEPT 


It  is  envisioned  that  each  switch  employed  by  a  typical  Corps 
in  combat  will  displace  at  least  once  every  48  hours.  After 
a-llowing  for  set-ups,  teardown,  and  transit  time,  approximately 
40  hours  of  the  48  hour  mission  will  be  devoted  to  communication. 
Peace  time  activity  rates  are  24  hours  per  day,  7  days  per  month 
(2016  hours  per  year)  for  active  forces,  and  8  hours  per  day,  63 
days  per  year  for  reserve  components.  In  peacetime,  the  combat 
mission  profile  applies  during  exercises. 

F.  MAINTENANCE  AND  SUPPORT  CONCEPTS 

Maintenance  of  both  switches  and  Communications  Security 
(COMSEC)  equipment  is  accomplished  at  the  Organizational  level  (OL) 
through  the  use  of  Built-In  Test  Equipment  (BITE)  and  maintenance 
and  diagnostic  programs  resident  in  the  systems.  The  combination 
of  these  two  approaches  permits  95  percent  of  maintenance  actions 
to  be  performed  at  the  OL.  The  general  technique  is  removal  and 
replacement  at  OL  of  faulty  modules,  Printed  Circuit  Boards  (PCB), 
power  supplies,  sub-assemblies,  etc.  Selected  high  mortality  rate 
spares  will  be  stocked  at  OL  to  support  this  concept. 

The  Army  plans  to  use  its  standard  logistic  concept  which 
splits  the  intermediate  level  into  direct  support  and  general 
support  maintenance.  Direct  Support  (DS)  maintenance  will  pro¬ 
vide  a  direct  exchange  system  for  trading  functional  modules  for 
defective  ones.  DS  maintenance  personnel  can  make  repairs 
requiring  disassembly,  reassembly,  and  adjustments  to  the  equipment 
using  common  and  special  purpose  tools.  DS  maintenance  will  be 
performed  on  location  at  each  communications  node  by  maintenance 


personnel  organic  to  the  signal  unit.  Each  node  will  have  a  DS 
maintenance  shelter  (S-511/ARM-164) ,  and  a  storage  shelter 
(S-552/ARM-164)  for  storage  of  organizational  and  DS  spare  parts , 
for  both  switches.  General  Support  (GS)  maintenance  will  involve 
repair  of  modules,  circuit  cards  and  power  supplies,  using  the 
AN/USN-410  (EQUATE)  automated  test  equipment.  GS  maintenance  will 
generally  be  performed  in  Light  Equipment  Maintenance  Companies 
found  within  Corps  and  Theater  Army  Area  Commands.  COMSEC 
maintenance  above  DS  level  will  be  performed  at  General  Support 
level  special  repair  activities  or  Depot  using  the  TSFC/ST-51 
automatic  test  equipment. 

The  depot  will  be  responsible  for  all  repairs  not  accom¬ 
plished  at  lower  echelons  of  maintenance.  Major  components  will 
be  repaired  at  the  depot  with  selected  items  being  sent  to  the 
vendors  for  repair.  The  depot  capability  necessary  to  preclude 
this  approach  is  presently  not  available  and  the  costs  necessary 
to  acquire  it  would  far  exceed  costs  of  using  contractor  support 
based  on  a  20-year  life  cycle.  The  depot  will  contract  inde¬ 
pendently  with  the  required  vendors.  This  is  the  only  area  where 
contractor  support  is  anticipated. 

The  Army,  as  the  designated  lead  service  for  both  switches 
and  COMSEC  components,  with  the  exception  of  the  KG-84,  will  be 
responsible  for  providing  single  service  wholesale  logistic  support 
to  include  depot  maintenance.  The  Air  Force  has  been  designated  as 
the  lead  service  for  providing  single  service  wholesale  logistic 
support  and  depot  maintenance  for  the  KG-84  component  of  the  TRITAC 
COMSEC  family  of  equipments. 


The  Air  Force  and  Army  will  be  using  the  same  logistic 
resources  developed  on  the  AN/TTC-39  Program  contract  except  where 
service  doctrine  or  other  preferences  dictate  otherwise. 

Examples  of  this  are: 

o  Automatic  test  equipment.  The  Air  Force  will  be  using  a 
portable  digital  card  tester  at  the  intermediate  level 
whereas  the  Army  will  rely  on  the  AN/USN-410.  The  Army 
depot  support  system  will  provide  repair  of  PCB's  beyond 
the  Air  Force  field  capability,  on  a  reimbursable  basis. 

o  Ground  support  equipment.  Where  the  Army  and  Air  Force 
have  different  items  of  TMDE  to  accomplish  the  same 
function,  each  Service  has  the  option  to  elect  its 
preferred  item. 

There  are  many  support  items  common  to  the  two  switches. 

When  the  switches  are  employed  together,  which  is  the  objective 
approach,  a  common  support  package  will  be  shared.  When  the 
switches  are  deployed  independently,  the  total  spares  required  to 
provide  separate  support  is  higher.  Initial  spares  provisioning 
accommodates  Army  and  Air  Force  independent  employment  concepts. 

The  Central  Processor  Group  (CPG) ,  used  in  the  AN/TTC-39  and 
AN/TYC-39,  is  basically  the  same  as  that  used  in  the  TACFIRE  and 
AN/TSO-73  systems.  Logistic  support  for  the  switches  capital¬ 
izes  on  the  commonality  among  these  systems. 

The  maintenance  and  support  concepts  for  the  AN/TTC-39  and 
AN/TYC-39  were  largely  determined  by  using  Generalized  Electronic 
Maintenance  Model  (GEMM)  runs.  The  Manpower,  Personnel,  and 
Training  implications  associated  with  these  concepts  are 
discussed  and  analyzed  in  Sections  III  and  IV. 


III.  DETERMINATION  OF  MPT  REQUIREMENTS  -  DISCUSSION 
A.  INTRODUCTION 

The  discussion  in  this  Section  is  based  on  examination  of 
available  MPT  data  gathered  through  review  of  documents  and 
interviews  with  Subject  Matter  Experts  (SMEs).  The  discussion  is 
organized  chronologically  to  show  progressive  steps  and  changes  in 
information  as  the  AN/TTC-39  Program  proceeded  through  the  various 
phases  of  the  acquisition  process.  Use  is  made  of  figures,  tables, 
and  summaries  to  provide  the  reader  with  a  more  complete  understand 
ing  of  the  interrelationship  of  events  and  the  data  flowing  from 
them. 

As  mentioned  in  Section  I,  MPT  events  are  portrayed  in  time 
relative  to  the  sequence  called  for  in  the  Life  Cycle  System 
Management  Model  ( LCSMM) .  The  LCSMM,  promulgated  by  DA  PAM 
11-25,  May  1975,  depicts  the  process  by  which  Army  materiel 
systems  are  initiated,  validated,  developed,  deployed,  supported, 
and  modified.  It  is  divided  into  four  major  segments  correspond¬ 
ing  to  the  four  acquisition  phases,  i.e.,  Conceptual,  Validation, 
Full  Scale  Development,  and  Production  and  Deployment. 

It  must  be  remembered  that  the  model  is  not  rigid.  It  is 
possible  for  many  of  the  LCSMM  events  to  be  bypassed.  Only 
events  deemed  pertinent  and  necessary  for  the  development  of  the 
particular  system  are  accomplished.  In  the  development  of  some 
systems,  entire  phases  may  be  bypassed;  such  was  the  case  with 
the  AN/TTC-39  Program  which  combined  the  Conceptual  and 
Validation  phases. 
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B.  CONCEPTUAL  PHASE 

In  this  phase,  the  technical,  military  and  economic  basis  for 
proposed  systems  are  established  and  concept  formulation  initi¬ 
ated  through  pertinent  studies.  Critical  issues  and  logistical 
support  problems  and  actions  are  identified  for  investigation  and 
resolution  in  subsequent  phases  to  minimize  future  development 
risks.  This  phase  is  a  highly  interactive  process  with  activi¬ 
ties  performed  simultaneously  and/or  sequentially.  No  specific 
period  of  time  in  months  or  years  is  prescribed  for  the 
Conceptual  Phase  since  the  phase  length  is  determined  by  the 
characteristics  and  status  of  the  operational  and  technical 
factors  making  up  the  proposed  program,  the  urgency  of  meeting 
the  predicted  operational  threat,  or  environment  and  resource 
constraints.  For  systems  that  require  DSARC  approval,  the  phase 
ends  at  Milestone  I  with  Event  14,  DSARC  I/DCP  I  approval  and 
Secretary  of  Defense  (SECDEF)  authority  to  proceed  to  the 
Validation  Phase.— ^  Figure  III-l  identifies  the  LCSMM  events  that 
address  MPT/MPT-related  issues  in  the  concept  phase.  Since  publica¬ 
tion  of  DA  PAM  11-25,  the  upfront  requirements  have  become  more 
formalized.  A  Milestone  0  was  added  and  an  approved  Mission 
Element  Need  Statement  (MENS)  was  established  as  the  authority  to 
proceed  into  the  Conceptual  Phase  for  new  major  system 
acquisitions.  Recent  changes  in  the  acquisition  process 
substituted  a  Justification  for  Major  System  New  Starts  (JMSNS) 
for  the  MENS,  and  required  it  to  be  submitted  not  later  than  the 

— /  LCSMM,  page  2. 
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CONCEPT  PHASE 


FIGURE  I  I  I 


Program  Objective  Memorandum  (POM)  submission  in  which  funding  is 
to  be  included. 

While  the  AN/TTC-39  Program  did  not  formally  proceed  through 
the  Conceptual  Phase,  the  military,  technical  and  economic  bases  for 
the  system  had  been  examined  to  some  extent  before  the  SECDEP 
established  the  program  in  1972.  However,  this  study  effort  was 
unable  to  find  evidence  in  the  form  of  specific  documentation  con¬ 
cerning  the  degree  of  consideration  given  to  MPT  issues  prior  to 
formal  program  initiation. 

C.  VALIDATION  PHASE 

This  phase  consists  of  those  steps  required  to  verify  prelim¬ 
inary  design  and  engineering,  accomplish  necessary  planning, 
analyze  trade-off  proposals,  resolve  or  minimize  logisitics 
problems  identified  during  the  conceptual  phase,  prepare  a  formal 
requirements  document  and  validate  a  concept  for  full-scale 
development.  The  validation  process  may  be  conducted  by  competi¬ 
tive  or  sole  source  contractors  or  by  in-house  laboratories. 

Advanced  development  prototypes  (brassboard)  should  be  used  and 
tested  (Development  Test/Operational  Test  (DT/OT  I))  during  the 
validation  phase  to  provide  data  to  estimate  the  prospective 
system's  military  utility,  cost,  environmental  impact,  safety 
(noise  level,  radiation  and  toxicological  effects),  human  engineer¬ 
ing,  operational  effectiveness  and  suitability  to  include  surety 
and/or  technological  factors,  and  to  refine  configuration  prior 
to  entering  full-scale  development.—^ 
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Figure  III-2  illustrates  the  LCSMM  events  that  address  MPT/ 
MPT-related  issues  in  the  validation  phase  versus  those  actually 
accomplished  according  to  available  data  for  the  AN/TTC-39  Program 
As  indicated  in  Section  II,  the  validation  phase  began  with 
the  initiation  of  a  Joint  Operational  Requirement  (JOR)  by  the 
JCS  in  September  1971.  Neither  that  basic  requirement  document, 
the  August  1974  amendment,  nor  the  November  1978  Mission  Element 
Need  Statement  (MENS)  addressed  MPT  requirements  or  constraints 
in  any  definitive  way.  The  MENS  only  predicted  considerable 
quantitative  personnel  savings  on  the  basis  of  maximum  use  of 
information  processing  techniques  and  highly  reliable  digital 
components;  a  common  logistics  support  system  in  which  a  single 
service  (Army)  will  perform  depot  maintenance  and  support;  and 
use  of  automated  test  support  systems  and  Built-In  Test  Equipment 
(BITE)  to  reduce  repair  time. 

The  Request  for  Proposal  (RFP)  for  the  validation  phase, 
released  in  Feburary  1972,  placed  primary  emphasis  on  prototype 
modeling,  and  provided  very  little  guidance  to  bidders  concerning 
either  Human  Factors  Engineering  (HFE)  or  MPT  requirements/con¬ 
straints  to  be  considered  during  this  competitive  design  phase. 

One  section  of  the  RFP,  called  "Operational  Considerations",  did 
point  out  that  design  trade-offs  should  stress  the  following 
factors,  some  of  which  are  MPT  related. 

o  Simplicity  of  Operation 
o  Mobility 

o  Reliability  and  Availability 

o  Reduction  in  Cost,  Size,  Weight  and  Maintenance 
That  section  of  the  RFP  also  indicated  that,  in  the  operation 
and  maintenance  area,  the  prime  objectives  were  to  reduce  the 
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number  and  skill  levels  of  required  personnel;  however,  no 
definitive  qualitative  or  quantitative  statements  concerning 
system  manpower  requirements/constraints  were  included.  The 
contractor  was  called  upon  to  perform  a  task  and  skill  analysis 
so  as  to  identify  specific  numbers  of  personnel  of  each  skill 
needed  to  support  every  possible  switch  configuration.  In  the 
area  of  training,  the  RFP  called  for  preparation  of  a  training 
plan  to  identify  skills  to  be  acquired  and  to  provide  a  basis  for 
determining  course  lengths  and  content. 

Competitive  prototype  design  contracts  were  awarded  to  two 
contractors,  GTE  and  ITT,  in  June  1972  (LSCMM  Event  16)  for  an 
18-month  period.  In  response  to  a  9  July  1973  government  solici¬ 
tation  No.  DAAB07-74-Q-0005,  the  two  contractors  also  submitted 
engineering  development  design  proposals  for  the  next  phase. 

The  solicitation  indicated  that  contract  award  for  the  full- 
scale  development  phase  would  be  based  on  the  prototype  modeling 
results  and  evaluation  of  written  proposals  in  the  technical, 
cost ,  and  management  areas.  The  technical  and  cost  areas  were 
considered  to  be  of  equal  importance  and  each  was  more  important 
than  the  management  area. 

Under  the  technical  area,  the  following  evaluation  factors 
were  listed.  Of  the  factors,  the  first  three  were  listed  in 
order  of  importance  and  were  individually  more  important  than  any 
of  the  last  three  which  were  of  equal  importance  with  each  other. 

1.  Circuit  Switch  Design 

2.  Message  Switch  Design 

3.  Communications  Security 

4.  Integrated  Logistics  Support 

5.  Circuit  Switch  Technical  Control 

6.  Message  Switch  Technical  Control 


Under  the  Cost  area,  the  following  evaluation  factors  were 
listed.  Of  these  factors,  the  first  two  were  of  equal  impor¬ 
tance,  and  each  was  more  important  than  the  other  factors  which 
were  listed  in  order  of  importance. 

1.  Design-to-Unit  Production  Cost 

2.  Life  Cycle  Cost  Analysis 

3.  Contract  Price  Proposal 

4.  Use  of  Government  Property 

Under  the  management  area,  the  following  factors  were  listed. 
Of  these  factors,  the  first  three  were  of  equal  importance,  and 
each  was  more  important  than  the  fourth  factor. 

1.  Control  and  Reporting  Systems 

2.  Production  Planning 

3.  Competence,  Experience,  and  Past  Performance 

4.  Management  Organization 

No  government  testing  was  performed  during  the  Validation 
Phase.  Development  testing  was  conducted  by  the  contractors 
using  limited  prototype  models  to  demonstrate  proposed  equipment 
design  and  prove  the  performance  specifications.  Testing  was 
witnessed  by  representatives  of  the  TRITAC  Office,  Defense 
Communications  Agency  (DCA)  National  Security  Agency  (NSA) ,  and 
the  Army  during  the  period  October-December  1973.  No  operational 
testing  was  conducted. 

A  Source  Selection  Evaluation  Board  (SSEB),  using  the  factors 
described  above,  evaluated  the  competing  contractors  on  the  basis 
of  their  prototype  modeling  effort;  results  of  associated  design 
trade-off  analyses;  and  their  engineering  development  phase  de¬ 
sign  proposals.  Although  HFE  and  MPT  were  not  weighed  as 
specific  factors,  evaluation  of  Integrated  Logistics  Support 
( ILS )  included  consideration  of  some  MPT  issues,  e.g.,  the 
description  of  maintenance  engineering  analysis  techniques  for 
determining  maintenance  manpower/training  requirements. 
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There  is  no  evidence  that  any  other  Validation  Phase  MPT 

events  called  for  in  the  LCSMM  were  accomplished  prior  to  DSARC 

II.  The  Program  was  approved  for  entry  into  the  Full-Scale 

Development  Phase  following  DSARC  II  in  April  1974. 

D.  FULL  SCALE  ENGINEERING  DEVELOPMENT  ( FSED)  PHASE 

During  this  phase,  the  system,  including  all  items  for  its 

support,  is  fully  developed  and  engineered,  fabricated,  tested 

(DT/OT  II),  and  a  decision  is  made  as  to  whether  the  item  is 

ready  for  production.  Concurrently,  nonmateriel  aspects,  e.g., 

MPT,  required  to  deploy  an  integrated  system  are  developed, 

12/ 

refined,  and  finalized. — ■ 

Figure  III-3  illustrates  the  MPT/MPT-related  issues  identi¬ 
fied  in  the  LCSMM  which  address  the  Engineering  Development  Phase 
versus  those  actually  accomplished  according  to  available  data 
for  the  AN/TTC-39  Program. 

1.  Human  Factors  Engineering  (HFE) .  Following  the  award  of 
the  Engineering  Development  Contract  in  April  1974,  General 
Telephone  and  Electronics  (GTE),  the  winning  contractor,  prepared 
an  HFE  plan  for  each  switch.  The  U.S.  Army  Human  Engineering 
Laboratory  (HEL)  reviewed  the  draft  plans  for  the  Program 
Manager,  Multi-Service  Communications  System  (PM-MSCS) .  The 
plans  were  found  to  be  weak  in  that  they  failed  to  indicate 
responsibilities  and  authority  of  the  Contractor  HFE  Group  and 
its  relationship  to  other  GTE  organizational  elements;  failed  to 
describe  major  subcontractor  (Litton)  HFE  efforts  and  organiza¬ 
tion;  and  omitted  major  switch  components  requiring  HFE 

— ^  LCSMM,  page  2. 
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FULL  SCALE  ENGINEERING  DEVELOPMENT  PHASE 
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applications.  The  final  HFE  plans,  submitted  in  November  1974, 
responded  to  HEL  criticism  by  assigning  well-qualified  personnel 
to  the  HFE  effort  on  a  full  time  basis;  providing  for  GTE 
monitorship  of  subcontractor  HFE  efforts ;  and  placing  the  HFE 
Group  in  an  organizational  position  and  giving  it  functional 
authority  which,  at  least  on  paper,  seemed  to  assure  its 
influence  in  the  design  process. U./ 

Although  there  was  little  emphasis  on  HFE  in  the  Engineering 
Development  Contract,  the  Human  Engineering  Lab,  at  the  request 
of  and  funded  by  the  PM-MSCS,  monitored  GTE's  HFE  effort,  and 
provided  advice  and  assistance  to  the  contractor's  HFE  Group 
during  some  eight  visits  to  GTE  facilities  between  August  1975 
and  August  1976.  The  HEL  also  witnessed  and  evaluated  the  re¬ 
sults  of  the  HFE  portion  of  the  Research  and  Development  Accept¬ 
ance  Tests  (RDAT)  during  1978.  The  HEL  representative  who  worked 
with  GTE's  Human  Factors  Engineering  Group  indicated  that  he  had 
good  rapport  with  the  Human  Factors  engineers  and  characterized 
them  as  being  competent  and  dedicated.  However,  he  also  indi¬ 
cated  that,  in  practice,  the  Group  had  neither  the  authority 
implied  in  the  GTE  HFE  plan  nor  even  a  very  strong  voice  in  the 
design  process. 

Some  of  the  same  HFE  problems,  identified  early  in  the 
Engineering  Development  Phase,  were  still  being  cited  as 
deficiencies  during  various  government  tests  (DT,  OT,  &  RDAT) 
conducted  between  June  1978  and  May  1980. 

13/  GTE-Sylvania,  Human  Factors  Engineering  Plans,  Circuit 
Switch  (CDRL  C001)  &  Message  Switch  (CDRL  002),  13 
November  1974. 


The  November  1979  report  of  a  Human  Factors  Engineering 
Analysis  (HFEA)  performed  by  HEL  also  reiterated  HFE  problems 
identified  early  in  the  design  process  for  each  switch.  Some  of 
those  persistent  deficiencies  are  listed  below. 

o  The  noise  level  in  each  switch  shelter  exceeds  contractual 
requirements.  While  the  noise  is  not  at  a  hazardous 
level,  it  affects  interpersonnel  communications,  thereby 
increasing  the  chance  of  operator  error. 

o  Air  conditioning  units  in  each  switch  shelter  lack  BTU 
capacity  to  adequately  cool  operator  working  areas  during 
hot  summer  days,  thereby  reducing  operator  efficiency. 

This  condition  could  require  shorter  shifts  and  a  possible 
concomitant  increase  in  manpower  requirements. 

o  The  size  and  weight  of  the  module  test  set  makes  it 

difficult  to  transport  and  causes  it  to  block  the  shelter 
aisle,  thereby  hindering  normal  operator  movement. 

o  Inadequate  space  exists  in  both  switch  shelters  for 
storage  of  tools  and  manuals  required  for  day-to-day 
operations . 

o  The  amount  of  coding,  abbreviations,  and  inconsistencies 
present  in  the  control/display  formats  cause  heavy 
reliance  on  manuals  and  have  an  impact  on  training  and  M05 
selection . 

o  Intershelter  cables  are  difficult  to  hookup  when  shelters 
are  truck  mounted. 

o  There  is  an  unequal  distribution  of  workload  between  the 
Message  Switch  operator/maintainer  and  the  Message  Switch 
traffic  service. 

The  HFEA  prepared  by  HEL  concluded  that  Low  Rate  Initial 
Production  (LRIP)  of  both  switches  should  be  delayed  until  the 
human  factor  problems  had  been  corrected.  It  should  be  noted 
that  the  production  decision  was  not  delayed  by  the  findings  of 
the  HFEA.  According  to  PM-MSCS  and  HEL  representatives,  a 
Memorandum  of  Understanding  (MOU)  was  signed  by  both  agencies 
whereby  HEL  agreed  to  withdraw  its  objection  to  proceeding  with 
production  in  return  for  a  PM-MSCS  assurance  that  deficiencies 

would  be  fixed  during  early  production. 
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Logistic  Support  Analysis  (LSA) ,  as  promulgated  by  Mili¬ 
tary  Standard  (MIL- STD)  1388,  15  October  1973  and  called  for  in 
the  Full  Scale  Engineering  Development  (FSED)  contract,  was  not 
accomplished  for  the  AN/TTC-39  Program.  During  the  first  two 
years  of  FSED  (1974-1976),  GTE  used  some  of  the  techniques 
described  in  MIL  STD  1388  in  their  development  of  switch  mainte¬ 
nance  requirements,  including  manpower;  however,  full  implementa¬ 
tion  of  LSA  procedures  and  generation  of  LSA  Records  (LSAR)  never 
occurred.  In  April  1976,  the  PM-MSCS  advised  the  US  Army  Mate¬ 
riel  Support  Activity  (MRSA) ,  with  the  concurrence  of  the  US 
Army  Communication  and  Electronics  Readiness  Command  (CERCOM) — 
now  known  as  the  Communication  and  Electronics  Command  (CECOM) — 

that  the  contractor  had  been  directed  to  cease  activity  on  the 
14/ 

LSA  program. — '  A  GTE  spokesman  cited  early  systemic  problems 
with  the  automated  LSAR  and  LSA  procedures,  which  were  perceived 
to  be  overly  complicated,  as  the  rationale  for  never  fully 
implementing  the  program  and  finally  stopping  it  altogether. 

The  contractor's  early  LSA  effort  included  the  use  of  the 
Generalized  Electronics  Maintenance  Model  (GEMM)  to  predict  base¬ 
line  system  maintenance  requirements  for  each  switch.  Inputs  to 
the  model  came  from  system  specifications  and  estimates  made  by 
the  materiel  developer  (PM-MSCS  and  CECOM)  concerning  how  the 
switches  were  going  to  be  employed  and  supported  in  the  field. 
There  was  no  Organizational  and  Operational  (0&0)  concept  written 

— ^  PM-MSCS,  Integrated  Logistic  Support  Plan,  February  1980 
Chapter  11. 


at  this  time,  and  no  evidence  could  be  found  to  indicate  that 
the  combat  developer  (TRADOC)  played  any  significant  role  in 
establishing  parameters,  e.g.,  wartime  switch  rates,  for  the  GEMM 
runs.  Outputs  from  the  model  became  inputs  to  various  early 
system  support  requirements  documents  such  as  QQPRIs. 

3.  QQPRI/BOIP/MOS  Decisions 

a.  General.  The  QQPRI  and  BOIP  are  iterative  documents 
that  provide  manpower  and  training  planners  the  earliest  and  most 
current  information  concerning  the  numbers  and  qualifications  of 
personnel  required  to  operate,  support,  and  maintain  a  materiel 
system  under  development.  For  the  majority  of  acquisition  pro¬ 
grams,  input  to  both  documents  comes  from  a  variety  of  organiza¬ 
tional  sources  within  the  materiel  development  (DARCOM)  and 
combat  development  (TRADOC)  communities.  A  substantial  amount  of 
basic  data  in  both  documents  is  derived  from  Logistics  Support 
Analysis  (LSA) .  The  materiel  developer,  e.g.,  CECOM  in  the  case 
of  the  AN/TTC-39  Program,  initiates  both  the  BOIP  and  QQPRI 
processes  by  preparing  BOIP  Feeder  Data  (BOIPFD) .  The  BOIPFD 
lists  all  principal  and  associated  items  of  equipment,  component 
items,  to  include  Test,  Measurement,  and  Diagnostic  Equipment 
( TMDE)  required  to  support  the  new  system.  The  materiel  devel¬ 
oper  also  concurrently  prepares  a  proposed  QQPRI  which  lists 
skills,  tasks,  and  knowledge  required  to  operate  and  support  the 
new  item  and  its  Associated  Items  of  Support  Equipment  (AIOSE) , 
and  estimates  of  time  required  to  maintain  it.  Both  the  BOIPFD 
and  proposed  QQPRI  are  forwarded  by  the  materiel  developer 
through  DARCOM  channels  to  TRADOC.  The  materiel  developer's 
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proposed  QQPRI  is  refined  at  TRADOC  by  adding  the  training, 
support  and  doctrinal  implications  of  the  new  system.  Using  data 
from  both  the  QQPRI  and  BOIPFD  along  with  the  0&0  concept,  a 
TRADOC  proponent  school,  e.g.,  US  Army  Signal  School  in  the  case 
of  the  AN/TTC-39  Program,  develops  the  BOIP.  The  BOIP  is  a 
planning  document  which  predicts  organizational  quantitative 
equipment  and  personnel  requirements  for  a  system. 

Following  TRADOC' s  refinement  of  the  QQPRI  and  develop¬ 
ment  of  the  BOIP,  both  documents  are  staffed  at  the  Soldier 
Support  Center-National  Capital  Region  (SSC-NCR)  and  HQDA  to 
determine  if  the  system  falls  within  manpower  constraints; 
reflects  the  appropriate  Military  Occupational  Specialty 
(MOS)/Special  Skill  Identifier  {SSI ) /Additional  Skill  Identifier 
(ASI);  meets  Standard  of  Grade  Authorization  ( SGA) ;  has  a 
feasible  grade  structure;  and  can  be  supported  by  Army  recruiting 
and  training  capabilities.  As  the  system  proceeds  through  the 
development  process,  QQPRI  and  BOIP  must  be  updated  to  reflect 
the  latest  outputs  from  the  LSA,  and  other  events  which 
indirectly  feed  the  BOIP  and  QQPRI . 

b.  Contractor  QQPRI s.  The  Contractor,  GTE,  prepared  the 
first  two  iterations  of  the  QQPRI  for  each  switch.  The  first  set 
was  submitted  in  July  1975  and  the  final  version  was  provided  to 
the  Army  in  January  1976  for  the  Circuit  Switch  and  February  1976 
for  the  Message  Switch. 

Both  versions  for  each  switch  were  based  on  a  three-level 
maintenance  concept,  i.e.,  organizational,  intermediate,  and 
depot.  Each  QQPRI  identified  types  and  numbers  of  personnel 


thought  to  be  necessary  for  operation  and  organizational  mainte¬ 
nance,  and  types  of  personnel  predicted  for  intermediate  mainte¬ 
nance;  however,  neither  version  addressed  depot  maintenance 
requirements.  Types  of  personnel  were  expressed  in  terms  of 
those  MOSs  listed  in  Army  Regulation  (AR)  611-201,  Enlisted 
Career  Management  Fields  and  MOSs,  which  most  closely  matched 
anticipated  duties.  The  MOSs  selected  were  not  supported  by  any 
detailed  task/skill  analyses.  In  fact,  the  skill  and  knowledge 
requirements  for  each  MOS  listed  in  the  July  1975  QQPRIs  were 
simply  copied  from  the  AR.  Maintenance  Engineering  Analysis 
(MEA)  was  cited  as  a  reference  used  in  preparing  each  QQPRI ; 
however.  Direct  Productive  Annual  Maintenance  Manhours  (DPAMMH) 
by  MOS,  system  component  and  level  of  maintenance — prime  QQPRI 
data  elements — were  not  included  in  either  version  of  the  Switch 
QQPRIs.  It  could  not  be  determined  whether  this  failure  to  show 
DPAMMH  was  due  to  either  a  technical  inadequacy  of  GTE ' s  MEA 
and/or  early  LSA  tools  to  generate  such  data  or  simply  a  lack  of 
understanding  of  what  kind  of  information  needed  to  be  included 
in  the  QQPRI. 

Both  versions  suggested  that  each  switch  could  be 
operated  and  maintained  at  the  organizational  level  by  a  crew  of 
two  enlisted  personnel  per  shift.  No  crew  size  rationale  was 
provided  in  the  QQPRI;  however,  a  GTE  subject  matter  expert 
indicated  that  it  was  based  on  the  crewing  of  similar  systems, 
and  to  some  extent,  the  size  of  the  S-280  shelters  used  to  house 
the  switches.  The  July  1975  QQPRI  for  each  switch  further 
estimated  a  requirement  for  a  10  enlisted  person  crew  (operation 
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and  organizational  maintenance)  for  each  switch  on  an  annual 
basis  in  an  operational  status,  assuming  positions  are  manned 
continuously.  Table  III-l  summarizes  the  qualitative  and  quanti¬ 
tative  manpower  estimates  made  in  the  two  contractor  QQPRIs  for 
each  switch. 

Consolidated  government  comments  concerning  the  July  1975 
QQPRIs  were  provided  to  the  contractor  in  September  1975  and 
served  as  a  basis  for  changes  reflected  in  the  January/February 
1976  version.  No  record  of  any  consolidated  government  critique 
of  the  second  iteration  of  the  contractor's  QQPRIs  was  found. 
Furthermore,  there  was  no  evidence  to  suggest  that  either  itera¬ 
tion  was  used  by  manpower  planners/decision  makers  in  any  early 
assessment  of  system  manpower  requirements. 

c.  Government  QQPRIs. 

(1)  Provisional  QQPRI .  A  provisional  QQPRI  was 
initiated  by  CECOM  in  April  1977,  a  copy  of  which  could  not  be 
located.  However,  correspondence  concerning  its  content  sug¬ 
gested  that  the  primary  source  of  data  for  this  earliest  govern¬ 
ment  QQPRI  were  the  January/February  1976  contractor  versions. 
Following  amendment  in  December  1977  to  reflect  planned  use  of 
Automatic  Test  Equipment  AN/USM-410  (EQUATE)  at  both  the  inter¬ 
mediate  and  depot  maintenance  levels,  the  document  was  reviewed 
by  the  US  Army  Signal  Center  (USASC).  In  comments,  dated  April 
1978,  USASC  highlighted  the  lack  of  qualitative  and  quantitative 
maintenance  data  needed  to  support  realistic  estimates  of  types 
and  numbers  of  maintenance  personnel  and  their  training.  The 
USASC  recommended  that  support  requirements  be  based  on  the 
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36L  listed  as  an  alternative  in  MS 
OQPRI. 


Army's  standard  four  level  (organization,  direct  support,  general 
support,  depot)  maintenance  concept  rather  than  the  three  levels 
addressed  in  contractor  QQPRIs.  A  number  of  MOS  changes  were 
also  suggested,  most  of  which  were  reflected  in  the  final  QQPRIs. 

(2)  Final  QQPRI .  A  "so-called"  Final  QQPRI  for 
each  switch  was  initiated  in  December  1978,  again  by  CECOM. 

Each,  for  the  first  time,  listed  DPAMMH  by  MOS  for  switch  com¬ 
ponents  at  organizational,  direct  support,  and  general  support 
maintenance  levels.  Depot  level  DPAMMH  had  not  yet  been  calcu¬ 
lated  at  this  time.  Since  GTE's  LSA  effort  stopped  in  1976,  the 
DPAMMH  were  not  extracted  from  any  up-to-date  LSAR.  Instead, 
they  were  based  on  the  best  judgement  of  CECOM  maintenance  engi¬ 
neers  using  available  data  concerning  like  and  similar  systems 
and  output  from  limited  MEA  performed  by  the  contractor.  Both 
QQPRIs  confirmed  the  earlier  estimates  that  a  two-person  enlisted 
crew  could  operate  each  switch,  and  indicated  that  the  MOS  36L 
should  be  the  crew  supervisor  for  each  switch.  Neither  made  any 
prediction  concerning  the  crew  size  needed  for  continuous  opera¬ 
tion.  Table  III-2  summarizes  the  qualitative  manpower  estimates 
for  both  switches. 

(3)  Amendments  to  Final  QQPRIs.  Three  amendments  to 
each  switch  QQPRI  were  initiated  by  CECOM  during  the  first  9 
months  after  origination  of  the  FQQPRI.  The  first  two 
amendments,  in  May  and  June  1979,  added  associated  items  of 
equipment  and  direct  support  tools/test  items  to  each  switch  with 
a  corresponding  increase  in  DPAMMH  for  some  maintenance  MOSs. 
Qualitative  changes  noted  included  the  addition  of  the  following 
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FINAL  QQPRI 

Qualitative  Manpower  Requirements 

MS 

cs 

PSN  TITLE/MOS 

AN/TYC-39 

AN/TTC-39 

Operations 

Telecommunication  Central  Operator /72E 

X 

•Electronic  Switching  System  Repairer/36L 

X 

X 

Hire  Systems  Xnstaller/Operator/36C 

i 

X 

Maintenances 

Organizational : 

•Electronic  Switching  System  Repairer/36L 

X 

X 

Wire  Systems  Installer/Operator/36C 

X 

Utilities  Equipment  Repairer/ 52C 

X 

X 

Power  Generation  and  Wheel  Vehicle 

X 

X 

Mechanic/6 3B 

Direct  Supports 

Electronic  Switching  System  Repairer/36L 

X 

X 

Utilities  Equipment  Repairer/ 52C 

X 

X 

Power  Generation  Equipment  Repairer/ 52D 

X 

X 

Teletypewriter  Repairer/31J 

X 

X 

General  Supports 

Electronic  Switching  Systems  Repairer/ 36L 

X 

X 

Utilities  Equipment  Repairer/ 52C 

X 

X 

Power  Generation  Equipment  Repairer/ 52D 

X 

X 

Field  Systems  COMSEC  Repairer /3 IT 

X 

X 

Automative  Repairman/6 3H 

X 

X 

Teletypewriter  Repairer/31J 

X 

X 

Electronic  Instrument  Repairer/3 5B 

X 

X 

*  Same  Individual  -  perform*  both  operational  and  organisational 
maintenance  duties. 


MOSs  in  support  of  each  switch  at  the  maintenance  levels 
indicated. 


o 

MOS 

31E 

Field 

Radio  Repairer 

(OL,  DS, 

GS) 

o 

MOS 

31S 

Field 

General  COMSEC 

Repairer 

(DS, 

GS) 

o 

MOS 

31T 

Field 

Systems  COMSEC 

Repairer 

(DS, 

GS) 

o 

MOS 

44B 

Metal 

Worker  (GS) 

The  September  1979  amendment  designated  the  5-ton  truck  as  the 
prime  mover  for  each  switch  and  removed  the  direct  support 
tools/test  items  from  the  basic  switches  and  placed  them  in 
support  facilities. 

In  August  1979,  USASC  recommended  that  the  FQQPRI  be  further 
amended  to  show  MOS  72G  vice  72E  for  the  Message  Switch  Traffic 
Service  Attendant  and  that  the  MOS  72G  be  designated  as  the  shift 
supervisor  instead  of  MOS  36L.  Findings  of  tae  Initial  Opera¬ 
tional  Test  and  Evaluation,  discussed  in  paragraph  6.b.  below, 
were  cited  as  the  basis  for  these  changes.  These  recommended 
changes  do  not  appear  in  any  QQPRI  iteration  reviewed  during  this 
study,  but  are  reflected  in  the  BOIP,  discussed  in  d.  below, 
d.  BOIP 

The  USASC  has  prepared  several  iterations  of  the 
BOIP  for  each  switch  since  receiving  the  December  1978  FQQPRI 
from  the  materiel  developer  in  early  1979.  Since  there  is  no 
requirement  for  anyone  to  retain  previous  editions  of  BOIPs  once 
a  new  one  is  published,  it  was  not  possible  to  review  all  itera¬ 
tions.  However,  a  comparison  was  made  between  BOIPs  prepared  in 
August  1979  for  each  switch  and  "so  called"  Final  BOIPs  published 
in  February  1981  and  again  in  December  1981. 
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The  planned  quantitative  changes  shown  by  MOS  for 
each  TOE  directly  affected  by  deployment  of  the  switches  were  the 
same  in  all  three  versions  of  the  BOIP  for  each  switch.  Crew 
sizes  for  24-hour  operation  of  each  switch,  illustrated  in  Tables 
1II-3  (Circuit  Switch)  and  III-4  (Message  Switch),  were  also  the 
same  in  the  August  1979  and  February  1981  BOIPs;  no  crew  sizes 
were  shown  in  the  December  1981  BOIPs. 
e.  MOS  Decisions. 

A  tentative  MOS  decision  for  both  switches  was 
issued  in  July  1980,  4  months  following  DSARC  III  for  the  Message 
Switch  and  about  1  week  after  DSARC  IIIA  for  the  Circuit  Switch. 
It  differed  from  the  FQQPRI ,  as  amended,  in  two  areas. 

First,  the  MOS  decision  for  the  Message  Switch 
showed  a  Warrant  Officer,  Telecommunications  Technician,  MOS  290A 
under  "Operator  Personnel".  This  position  was  never  identified 
as  a  requirement  in  any  QQPRI  reviewed  during  this  study, 
although  it  was  listed  in  Message  Switch  BOIPs. 

Secondly,  the  tentative  MOS  decision  changed  the 
Message  Switch  Traffic  Service  Attendant  MOS  from  72E  to  72G. 

The  apparent  rationale  for  this  shift  was  a  common  finding  during 
DT  and  OT  that  Message  Switch  duties,  which  include  operating  in 
the  Automatic  Digi-al  Network  (AUTODIN),  more  closely  approxi¬ 
mated  the  skills  possessed  by  MOS  72G  than  MOS  72E. 

The  final  MOS  decision  in  October  1981  changed  MOS 
72G  back  to  72E  with  an  Additional  Skill  Identifier  (ASI)  Z2. 

The  change  back  was  apparently  based  on  a  study,  not  directly 
related  to  the  AN/TYC-39  development,  which  converted  MOS  72E  to 
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AN/TTC-39  Circuit  Switch  Crew  Size 
(BOIPs  79-0046  6  79-0047F) 


Number 

Grade 

MOS 

Position 

1 

f.7 

31Z40 

•Section  Chief 

1 

E5 

36L20 

Operator/Maintainer 

1 

E4 

36L10 

Operator/Maintainer 

2 

E4 

36C10 

Call  Service  Attendant 

1 

E3 

36C10 

Call  Service  Attendant 

*  Not  fully  chargeable  to  the  CS.  Also  responsible  for 
■ant  assigned  his  section. 

Table  III-4 

AN /T VC-39  Message  Switch  Crew 
(BOIP  76-0098F) 

operation  of  other  equip- 

Sire 

Number 

Grade 

MOS 

Position 

i 

NO 

290A 

Section  Leader 

i 

E6 

72G30 

Shift  Supervisor 

i 

E5 

72G20 

Traffic  Service 
Attendant 

i 

E5 

36L20 

Operator/Maintainer 

i 

E4 

72G10 

Traffic  Service 
Attendant 

i 

E4 

36L10 

Operator/Maintainer 

mm 


a  purely  tactical  MOS.  Before,  it  had  included  some  fixed 
station  duties.  The  ASI  provides  the  72E  with  the  capability  to 
operate  AUTODIN  which  is  included  in  the  72G  (fixed  station  only) 
MOSi  The  final  MOS  decision  also  changed  the  MOS  63H  Automotive 
Repairer  at  GS  level  to  MOS  63W  Wheel  Vehicle  Repairer. 

Although  not  identified  in  any  QQPRl ,  BOIP,  or  MOS 
decision  paper,  another  MOS — 76C  (Equipment  Repair  Parts  Specia¬ 
list) — is  shown  as  a  member  of  both  switch  crews  in  the  Army 
Modernization  Information  Memorandum  (AMIM),  August  1981.  On  the 
crew  for  the  Circuit  Switch,  the  76C  replaces  one  of  the  two 
36C10s;  on  the  Message  Switch  crew,  the  76C  is  an  added  space. 

The  76C  is  also  counted  as  an  asset  for  each  switch  in  a  Communi¬ 
cations  and  Electronics  Functional  Review  (CEFR)  prepared  by  the 
Soldier  Support  Center  -  National  Capital  Region  (SSC-NCR),  and 
discussed  further  in  paragraph  5.b  below. 

One  other  known  MOS  decision  affecting  the  AN/TTC- 
39  Program  has  been  made  recently.  It  creates  a  new  MOS  (36M)  as 
a  Call  Service  Attendant  dedicated  to  the  AN/TTC-39  Circuit 
Switch.  This  MOS  change  will  appear  in  change  19,  AR  611-201, 
effective  1  March  1983. 

4.  Operational  and  Organizational  Concept  (O&O) 

Preparation  of  an  O&O  Concept  is  called  for  in  the 
Conceptual  Phase  of  the  LCSMM  in  order  to  support  subsequent 
development  of  QQPRl,  BOIP,  and  the  test  support  package.  The 
first  system  specific  O&O  concept  found  during  this  study  was  not 
drafted  until  March  1979,  although  general  concepts  for 
employment  of  both  switches  were  outlined  in  the  Integrated 
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Tactical  Comnunications  System  (INTACS)  study  approved  in  1976. 
No  definitive  0&0  concept  was  available  to  support  either  switch 
design  efforts  or  early  MPT  requirements  determination. 


5.  Manpower  Analyses 

a.  Manpower  Analysis  Paper  (MAP)  III.  This  document , 
prepared  at  USASC  in  December  1979 ,  presented  the  manpower  impact 
of  fielding  both  switches,  less  COMSEC  requirements.  It  assumed 
that  all  switches  programmed  for  procurement  at  the  time  the 
analysis  was  made  would  be  purchased  and  fielded.  It  consoli¬ 
dated  the  quantitative  manpower  changes  in  TOEs  affected  by  the 
fielding  of  both  switches  as  reported  in  the  August  1979  BOIPs. 
The  MAP  then  applied  those  quantitative  changes  to  a  projected 
FY86  force  structure  as  specified  in  the  Army's  Force  Accounting 
System  as  of  1  November  1979.  The  analysis  concluded  that  full 
fielding  of  both  switches  would  result  in  an  increase  of  only  11 
spaces  in  the  total  active  force,  168  spaces  in  the  National 
Guard,  and  86  spaces  in  the  U.S.  Army  Reserve.  Even  with  those 
small  increases,  the  analysis  also  offered  tradeoff  recommenda¬ 
tions  which  would  change  the  total  force  impact  from  +265  to  -16 
overall . 

The  MAP  also  evaluated  the  impact,  of  switch 
fielding  on  combat  support/combat  service  support  units,  using 
the  Force  Analysis  Simulation  of  Theater  Administrative  and 
Logistics  Support  (FASTALS)  model.  It  concluded  that  while  there 
would  be  some  increase  in  theater  requirements  for  DS  and  GS 
automotive  and  power  generation  maintenance  manpower,  the 
increase  would  not  be  large  enough  to  require  the  addition  of 
maintenance  units  to  the  theater. 


50 


b.  Conununi  cat  ions  -  Electronics  (C-E)  Functional 
Review  (CEFR) .  Using  a  variety  of  sources  including  data  from 
The  Personnel  Structure  and  Composition  System  (PERSACS), 

SSC-NCR  prepared  a  CEFR  in  January  1982.  It  projects  aggregate 
C-E  manpower  requirements  by  MOS  by  grade  over  the  Fiscal  Years 
1982-1985.  It  also  breaks  out  those  projected  requirements 
chargeable  to  the  Message  and  Circuit  switches  as  shown  in  Table 
III-5 . 

6 .  Training 

Initial  training  of  Army  instructors,  key  personnel,  and 
personnel  required  to  participate  in  development  and  operational 
testing  of  both  switches  began  in  late  1977  for  the  Message 
Switch  and  early  1978  for  the  Circuit  Switch.  Training  courses 
were  conducted  at  the  contractor's  plant  in  Needham  Heights,  MA; 
USASC ,  Ft.  Gordon,  GA;  and  at  the  test  site.  Ft.  Huachuca,  AZ. 
Initial  training  courses  and  materials  were  developed  by  the 
contractor  and  coordinated  with  the  USASC. 

Longer  term  training  requirements  for  switch  Operation 
and  maintenance  were  first  estimated  by  USASC  in  the  FQQPRI  for 
each  switch.  That  estimate  indicated  that,  except  for  MOS  36L 
(Operator  and  OL,  DS,  GS  Maintenance  for  both  switches),  only 
minor  increases  in  resident  course  lengths,  ranging  from  one  to 
three  weeks,  would  be  required  to  qualify  recommended  MOSs  for 
either  Message  or  Circuit  Switch  duties.  No  increase  in  resident 
course  instruction  was  foreseen  for  MOS  36C  (36M)  (Call  Service 
Attendant  for  the  Circuit  Switch);  however,  a  40-hour  exportable 
transition  training  package  was  proposed.  This  basic  resident 
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Table  III-5 
AN/TTC-39  PROGRAM 
QUANTITATIVE  MANPOWER  REQUIREMENTS 
FOR  SELECTED  MOS 


■ 

BgBM 

A 

MOS/GRADE 

91 

H 

91 

36L  (TYC-39) 

■ 

E6 

- 

2 

6 

13 

19 

23 

28 

31 

32 

36 

36 

36 

1  9 

E5 

- 

2 

6 

13 

17 

19 

21 

21 

22 

23 

23 

23 

mm 

E4 

- 

_2 

_6 

13 

17 

19 

21 

21 

22 

23 

23 

23 

423 

TOTAL 

- 

6 

18 

39 

53 

61 

70 

73 

76 

82 

82 

82 

482 

36L  (TTC-39) 

m 

E5 

- 

- 

- 

2 

2 

9 

16 

24 

30 

36 

36 

36 

E4 

- 

- 

- 

_2 

_2 

_9 

16 

24 

30 

36 

36 

36 

999 

TOTAL 

- 

- 

- 

4 

4 

18 

32 

48 

60 

72 

72 

72 

472 

72E  ASI  Z2 
(TYC-39) 

■ 

E6 

- 

2 

6 

13 

17 

19 

22 

22 

23 

24 

24 

24 

E5 

- 

2 

6 

13 

17 

19 

22 

22 

23 

24 

24 

24 

E4 

- 

_2 

_6 

13 

17 

19 

22 

22 

23 

24 

24 

24 _ 

TOTAL 

6 

18 

39 

51 

57 

66 

66 

69 

72 

72 

72 

36C  (TTC-39) 

E4 

- 

- 

- 

4 

4 

18 

32 

48 

60 

72 

72 

72 

E3 

- 

- 

- 

_2 

_2 

_9 

16 

24 

30 

36 

36 

36 

fl 

TOTAL 

6 

6 

27 

48 

72 

90 

108 

108 

108 

4108 

76C  (TTC/ 
TYC-39) 

1 

R 

E4 

— 

2 

21 

30 

38 

47 

54 

61 

61 

61 
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training  philosophy  was  reiterated  in  the  initial  Individual  and 
Collective  Training  Plan  (ICTP)  published  in  1979. 

Prior  to  development  of  the  Message  and  Circuit 
Switches,  all  MOS  36Ls  were  trained  in  a  single  38  week  course 
-regardless  of  future  duty  positions.  The  addition  of  Message 
and  Circuit  training  to  the  resident  MOS  36L  course  would  extend 
it  to  an  estimated  56  weeks.  As  an  alternative,  the  USASC 
recommended  a  multi-level  restructuring  of  the  MOS  as  follows. 

o  Establish  a  skill  level  of  36L10,  Operator/Organiza¬ 
tional  Maintenance,  and  provide  18  weeks  of  resident 
training  on  the  AN/TTC-39  plus  4  weeks  systems  training. 

o  If  the  first  projected  assignment  for  a  trainee  is  to 
a  AN/TYC-39  unit,  provide  an  additional  8  weeks  of 
training  on  that  switch  and  award  an  ASI. 

o  If  first  assignment  is  to  be  with  an  AN/TTC-38  switch 
unit,  provide  an  additional  8  weeks  of  TTC-38  training 
and  award  an  ASI. 

o  Establish  a  skill  level  of  36L30,  Intermediate  (DS 
or  GS)  Maintenance,  and  provide  a  trained  36L10, 
upon  his/her  first  reenlistment,  with  an  additional  18 
weeks  of  resident  training  which  covers  both  switches 
plus  4  weeks  of  systems  training. 

o  If  the  first  assignment  of  a  36L30  after  training  is  to  a 
unit  which  has  or  repairs  TTC-38  switches,  provide  an 
additional  8  weeks  of  training  and  award  an  ASI. 

A  New  Equipment  Training  Plan  (NETP)  prepared  by  the 
materiel  developer  during  this  phase  envisioned  that  equipment 
would  be  deployed  with  personnel  school  trained  at  the  operator 
through  GS  maintenance  level;  therefore  no  requirement  for  New 
Equipment  Training  Teams  (NETT)  was  foreseen.  However,  the  NETP 
did  project  a  requirement  for  a  Doctrine  Training  Team  to  be 
prvided  by  the  combat  developer  (TRADOC) .  The  team  is  scheduled 
to  teach  a  120-hour  course  to  gaining  units  for  both  switches 
concerning  operational  and  organizational  concepts. 


7.  Government  Test  and  Evaluation 
a.  Introduction 

A  Development  Test  and  Evaluation  (DTE)  and  an 
-Initial  Operational  Test  and  Evaluation  (IOTE)  of  each 
Engineering  Development  Model  Message  and  Circuit  switch  were 
conducted  at  the  TRITAC  Joint  Test  Facility,  Fort  Huachuca,  AZ 


during  the  time  periods  shown  below. 


o  DTE 

-  AN/TYC-39  (MS) 

-  AN/TTC-39  (CS) 


June  1978  -  February  1979i^/ 
February  -  November  1979iJ/ 


o  IOTE 

-  AN/TYC-39  (MS) 

-  AN/TTC-39  (CS) 


February  -  June  1979iZ/ 
November  -  December  1979  and 
February  -  May  198oi!/ 


These  tests  were  the  first  formal  government  controlled 


evaluations  to  be  performed  on  either  switch  since  the  program 


was  established  in  January  1972,  some  6  1/2  years  earlier. 


b.  Test  and  Evaluation  Findings 

In  addition  to  the  results  mentioned  in  paragraph  1. 


supra,  which  primarily  concern  Human  Factors  Engineering,  a 
number  of  MPT  related  findings  suggesting  needed  improvements 
were  outlined  in  test  and  evaluation  reports  for  both  switches; 


some  of  the  more  significant  are  listed  below. 


— ^  OS  Army  Electronic  Proving  Ground,  (USAEPG)  Development 
Test  and  Evaluation  Report  -  AN/TYC-39,  July  1979. 

— ^  USAEPG,  Development  Test  and  Evaluation  Report  - 
AN/TTC-39 ,  January  1980. 

OS  Army  Operational  Test  and  Evaluation  Agency  (OTEA) , 
Independent  Evaluation  of  AN/TYC-39,  IER-OT-590,  September 
1979. 

— /  OTEA,  Independent  Evaluation  of  AN/TTC-39  with  Associated 


COMSEC,  IER-OT-123 ,  November  1980 


(1)  System  design  of  the  Message  Switch  permits  uncon¬ 
trolled  operator  alteration  of  the  computer  software  in  the 
processor.  Should  operator  error  occur,  the  computer  program 
could  improperly  process  messages,  including  classified  traffic 
over  unsecured  lines. 

(2)  The  majority  of  Message  Switch  (MS)  test  players,  (12  of 
15  Operator  and  Traffic  Service  Attendent  (TSA)  personnel  and  all  7 
IOTE  maintenance  personnel),  as  well  as  test  controllers  for  both 
switches,  stated  that  pre-test  training  had  been  inadequate.  They 
opined  that  added  MS  training  was  needed  in  such  areas  as  use  of 
test  equipment,  data  base  generation,  message  recovery, 
interpretation  of  alarms,  queries  and  displays,  operation  and 
maintenance  of  environmental  control  units  and  cryptographic 
equipment,  and  set-up/tear-down  procedures.  Players  for  both 
switches  spent  an  inordinate  amount  of  time  referring  to 
Technical  Manuals  on  the  above  subjects,  and  all  too  often,  failed 
to  find  answers. 

(3)  For  both  switches.  Technical  Manuals  were  inadequate, 
difficult  to  understand,  inaccurate,  and  out-of-date.  Specific 
improvements  were  recommended  for  MS  manuals,  including  explanation 
of  message  transmissions,  message  precedence,  language  media  for¬ 
mats,  general  language  formats,  and  definition  of  symbols  in  logic 
diagrams.  Flow  charts  did  not  always  follow  the  path  expected,  and 
diagrams  were  missing  from  some  manuals.  It  should  be  noted  that 
Improved  Technical  Documentation  for  Training  ( ITDT)  requirements — 
now  known  as  Skill  Performance  Aids  (SPAS) — were  not  included  in 
the  Engineering  Development  Contract  and  were  waived  for  the  Message 

Switch  IOTE. 

55 


(4)  The  message  switch  Traffic  Service  Attendant  (TSA) 
should  be  changed  from  MOS  72E  (telecommunications  center 
operator)  to  data  communications  switching  center  specialist  (MOS 
726),  who  is  better  trained  to  operate  equipment  in  automatic 
digital  message  switching  centers. 

(5)  The  message  switch  supervisor  should  be  MOS  72G  vice 
MOS  36L  (electronic  switching  systems  repairer) .  The  36L  has 
limited  experience  in  operating  an  electronic  switch  in  a  traffic 
network,  which  is  a  highly  complicated  process  dependent  on  strict 
adherence  to  established  procedures.  Since  that  is  the  primary 
mission  of  the  switch,  it  should  be  supervised  by  a  TSA  of 
appropriate  grade. 

(6)  Strong  consideration  should  be  given  to  combining 

O 

operator  and  service  attendant  duties  now  split  between  Mps  36L 
and  MOS  72E  for  the  Message  Switch  and  between  MOS  36L  and  MOS  36C 
for  the  Circuit  Switch.  The  MOS  36Ls  assigned  to  each  switch  crew 
dedicated  to  organizational  maintenance  duties  while  the  service 
attendant  would  be  responsible  for  all  operational  duties. 

(7)  The  units  used  for  the  conduct  of  IOTE  for  both 
switches  were  not  typical  of  the  Army  organizations  that  will 
operate  the  equipment  in  the  field.  The  company-size  organ¬ 
ization  was  a  Table  of  Distribution  and  Allowances  ( TDA)  unit 
which  had  no  Standing  Operating  Procedures  (SOPs),  no  integrated 
company  training,  and  little  coordinated  communications  system 
experience  and/or  mission  orientation.  Further,  DS  and  GS 
maintenance  activities  for  both  switches  could  not  be  fully 
assessed  in  an  operational  environment  due  to  the  nature  of  test 


site  facilities  and  lack  of  a  full  complement  of  components/ 
equipment  subject  to  DS/GS  maintenance. 

(8)  The  message  switch  met  the  user  criterion  for  Mean  Time 
4To  Repair  ( MTTR )  for  GS  level  maintenance  (60  minutes),  but 
failed  to  meet  the  criterion  for  organizational  level  maintenance 
by  a  factor  of  four  (58.5  minutes  versus  15  minutes),  and  for  DS 
level  maintenance  by  a  factor  of  two  (59.1  minutes  versus  30 
minutes).  The  Message  Switch  test  report  suggested  that  the  amount 
of  time  spent  on  a  maintenance  problem  might  have  been  less  if  the 
overall  switch  supervisor  had  been  traffic  versus  maintenance 
oriented  (see  Finding  5.).  It  was  also  suggested  that  inadequate 
Technical  Manuals  and  limited  van  work  space  contributed  to  failure 
to  meet  MTTR  criteria. 

(9)  A  uni*  supporting  a  Corps  Headquarters  with  two  message 
switches  and  one  crew  cannot  effectively  execute  anticipated 
frequent  jumps;  therefore,  full  crews  should  be  provided  for  each 
message  switch  assigned  to  units  supporting  Corps  Headquarters. 

(10)  Independent  Evaluation  Reports  (IER)  of  IOTE  for  both 
switches  called  for  additional  testing  in  a  tactical  environment 
to  demonstrate  improvement  in  a  number  of  areas  including  human 
factors,  training,  organization  and  doctrine,  and  Reliability/ 
Availability/Maintainability  (RAM) . 

C.  DSARC  III/IIIA 

Following  review  of  DSARC  III  proceedings  on  the 
AN/TYC-39  Message  Switch,  the  Deputy  SECDEF  approved  it  for  entity 
into  the  Production  and  Deployment  Phase  (Phase  III)  in  April 
1980.11/ 

19/ 

—  Deputy  SECDEF,  Secretary  of  Defense  Decision  Memorandum  (SDDM) 
on  the  AN/TYC-39  Message  Switch,  DSARC  III.  15  April  1980. 
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In  July  1980,  he  approved  the  DSARC  IIIA  proceedings  which 
recommended  that  the  AN/TTC-39  Circuit  Switch  also  enter  Phase 
111.20/ 


In  both  decisions,  the  Deputy  SECDEF  directed  that  addi¬ 
tional  testing  be  conducted  to  validate  correction  of  defi¬ 
ciencies  identified  during  DTE/IOTE  and  to  evaluate  the  adequacy 
of  planned  personnel  skill  levels  and  training.  Partial  results 
of  follow-on  testing,  as  well  as  other  actions  taken  by  the  Com¬ 
bat  Developer  (TRADOC)  and  Materiel  Developer  (DARCOM)  on  the 
basis  of  previous  test  results,  are  discussed  in  paragraph  E. 
below. 

E.  PRODUCTION  AND  DEPLOYMENT  PHASE 

During  this  phase,  system  deficiencies  found  in  previous 
testing  are  corrected,  operational  units  are  trained,  equipment 
is  procured  and  distributed,  and  logistic  support  is  provided. 
The  primary  objective  is  to  produce  and  deliver  to  an  operating 
unit  an  effective,  supportable  system .21/ 

Figure  III-4  illustrates  the  MPT  and  MPT  related  events 
identified  in  the  LCSMM  for  the  Production  and  Deployment  Phase 
versus  those  actually  accomplished  according  to  available  data 
for  the  AN/TTC-39  Program. 

1.  Follow-On  Testing  and  Evaluation 


An  independent  and  formal  Follow-On  Evaluation  (FOE)  of 
each  switch  is  tentatively  scheduled  to  be  performed  by  OTEA  in 


20/  Deputy  SECDEF,  Secretary  of  Defense  Decision  Memorandum 

(SDEM)  on  the  AN/TTC-39  Circuit  Switch,  DSARC  IIIA,  28  July 
1980. 

21/  LCSMM,  page  2. 
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the  Initial  Operational  Capability  (IOC)  unit  at  FT  Hood,  TX 
during  the  2d  QTR  FY83  for  the  Message  Switch  and  the  4th  QTR 
FY83  for  the  Circuit  Switch.  The  purpose  of  these  FOEs  is  to 
document  verification  of  the  correction  of  deficiences  noted 
during  DTE/IOTE  for  both  switches. 

In  order  to  satisfy  the  Deputy  SECDEF's  requirement  to  verify 
selected  deficiency  corrections  prior  to  fielding,  a  number  of 
post  DSARC  III/IIIA  evaluations  have  been  made  of  both  switches, 
the  results  of  vrtiich  are  summarized  below, 
a.  WINTEX-81 

One  AN/TYC-39  (MS)  was  deployed  to  U.S.  Army  Europe 
(USAREUR),  and  integrated  into  the  communications  network  sup¬ 
porting  a  major  Command  Post  Exercise  (WINTEX-81),  conducted  8-21 
March  1981.  The  switch  was  installed,  operated,  and  maintained 
at  the  organizational  level  by  personnel  school  trained  at  USASC; 
contractor  personnel  performed  DS,  GS,  and  Depot  Maintenance. 
Switch  performance  was  evaluated  by  OTEA  and  documented  in  an 
Independent  Evaluation  Report  (IER-OT-590) ,  dated  June  1981. 

The  on-site  presence  of  contractor  personnel  hindered 
objective  observations  concerning  skills  and  training  needs  of 
switch  personnel  because  contractor  personnel  frequently  assisted 
in  switch  operations  and  organizational  maintenance.  Neverthe¬ 
less,  the  evaluation  confirmed  earlier  test  findings  that  MOS  72G 
vice  36L  was  best  for  the  position  of  switch  supervisor;  that  MOS 
72G  should  perform  all  operational  duties  now  shared  with  the  MOS 
36L,  who  should  devote  full  attention  to  switch  maintenance;  and 


that  resident  training  needs  to  be  expanded,  with  particular 
emphasis  on  practical  hands-on  applications.  Technical  Manuals 
were  considered  adequate,  although  poor  organization  of  content 
was  a  frequent  criticism. 

The  IOTE  MTTR  criterion  of  15  minutes  at  organizational 
level  was  changed  by  the  combat  developer  (TRADOC-TSM)  to  30 
minutes  for  follow-on  evaluations.  An  MTTR  of  46  minutes  at 
organizational  level  was  achieved  during  the  WINTEX  81  perform¬ 
ance  evaluation  compared  to  the  MTTR  of  58.5  minutes  measured 
during  IOTE. 

b.  Fault  Insertion  Demonstration 

A  Fault  Insertion  Demonstration  (FID)  was  performed  on 
two  AN/TYC-39  Message  Switches  at  FT  Huachuca,  AZ  from  4  May  to  21 
July  1981.  The  demonstration  was  monitored  by  OTEA  and  results 
documented  in  a  letter  report  dated  17  May  1982. 

Isolation  and  repair  of  60  faults  by  each  of  three  teams, 
two  recently  trained  Army  crews  and  one  Air  Force  crew,  yielded 
an  organizational  level  MTTR  of  44.27  minutes  versus  a  30  minute 
criterion.  However,  the  overall  median  repair  time  was  35 
minutes  which  approaches  the  user  established  requirement. 

An  assessment  of  training  during  the  FID  further 
confirmed  findings  of  previous  tests  that  formal  training  did  not 
cover  all  major  equipment  areas  to  the  extent  necessary  to 
minimize  the  need  for  extensive  On-The-Job  Training  (OJT) . 

Specific  areas  for  increased  training  were  identified  and  USASC 
representatives  at  the  demonstration  indicated  that  resident 
courses  would  be  appropriately  modified. 
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During  the  FID,  an  analysis  of  fault  isolation  and  diag¬ 
nostic  procedures  contained  in  Technical  Manuals  (TM)  concluded 
that  the  manuals  did  not  provide  sufficient  detail  in  a  clear, 
easy  to  read  format;  27  needed  changes  to  TMs  were  documented, 
c.  RAM  Assessment 


RAM  data  were  collected  during  the  period  from  1  June  to 
18  September  1981  when  three  AN/TTC-39  Circuit  Switches  and  two 
AN/TYC-39  Message  Switches  were  deployed  at  FT  Iiuachuca,  AZ  in 
support  of  the  Communications  Modal  Control  Element  (CNCE)  IOTE. 
Seme  440  RAM  incidents  were  recorded  and  assessed;  however,  the 
MTTR  data  collected  above  the  organisational  level  was  not 
considered  valid  since  DS  and  GS  maintenance  support  at  FT 
Huachuca  is  unlike  that  vftiich  will  support  the  fielded  systems. 
RAM  performance  statistics  compiled  during  CNCE  testing  generally 
showed  improvement  over  data  collected  during  previous  tests. 

o  Mean  Time  Between  Unscheduled  Maintenance  Actions 
( MTBUMA )  improved  over  IOTE  and  approaches  the 
criterion  of  72  hours  for  both  switches. 

o  Mean  Time  Between  Mission  Failures  (MTBMF)  is  much 
better  than  that  achieved  in  IOTE. 

o  Inherent  and  Operational  Availability  ( A^  fc  Aq) 
meet  and  exceed  respective  criterion. 

o  MTTR  (OL)  has  remained  relatively  stable  at  around 
45  minutes.  It  is  unlikely  that  significant  changes 
can  be  expected  or  that  the  criterion  of  30  minutes 
will  be  met. 

Table  III-6  summarizes  RAM  Goals  versus  performance  during 


several  tests  for  each  switch 


RAM  CRITERIA 

TEST 

PERFORMANCE 

- 1 

AN/TYC-39 

(MS) 

AN/TTC-39  (CS)  | 

IOTE 

WINTEX-81 

I9H 

CNCE 

(RAM) 

IOTE 

CNCE 

(RAM) 

MTBUMA  (72  Hrs) 

16.74 

46.60 

71.90 

11.20 

66.59 
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♦Because  of  the  built-in  component  redundancy  and  capability  to 
repair/replace  defective  items  without  impairing  switch  capability, 
many  unscheduled  maintenance  actions  have  minimal  impact  on  mission 
accomplishment.  Although  no  criteria  was  set  for  MTBMF ,  it  is  a 
more  meaningful  measure  of  reliability  than  MTBUMA. 

d.  Other  Testing 

Thermal  and  acoustical  noise  testing  of  message  switches 
was  done  during  January  and  March  1981  respectively.  Following 
the  thermal  test,  the  Program  Manager  concluded  that  the  cooling 
and  airflow  design  is  now  capable  of  meeting  the  Message  Switch 
high  temperature  spec'.f ications.  The  acoustical  test  showed 
reductions  in  noise  levels  compared  to  levels  measured  in  pre¬ 
vious  DTE. 

2.  Manpower  Modifications 

On  the  basis  of  consistent  findings  in  all  tests  of  both 
switches,  the  duties  of  the  service  attendants  and  operators, 
initially  shared  by  two  MOSs  for  each  switch  (72E/36L — Message 
Switch  t  36C  (M)/  36L — Circuit),  were  consolidated  under  one  MOS 


for  each  switch  (72E— Message  &  36C  (M ) — Circuit) .  The  MOS  36L 


was  then  restructured  to  include  only  maintenance  duties  at  OL, 
DS ,  and  GS  levels.  The  qualifying  electronics  aptitude  area 
(EL)  score  under  the  Armed  Services  Vocational  Attitude.  Battery 
(ASVAB)  for  MOSs  72E  and  36C  (M)  was  raised  from  90  to  100. 

3.  Training  Modifications 
a.  MOS  36L 

The  multi-level  structuring  and  training  of  MOS  36L,  de¬ 
scribed  in  paragraph  D.6.  supra,  was  modified  in  this  phase.  The 
basic  change  calls  for  all  potential  MOS  36L10S  to  receive  28 
weeks  of  training  which  covers  both  the  AN/TYC-39  and  AN/TTC-39 
switches,  it  also  includes  overall  systems  training.  A  trainee 
whose  first  assignment  will  be  to  unit  equipped  with  the  old 
circuit  switch  (AN/TTC-38)  will  receive  additional  training  of 
yet  undetermined  length  and  be  awarded  an  Additional  Skill  Iden¬ 
tifier  ( ASI ) ;  a  source  at  USASC  indicated  that  the  TTC-38 
training  will  be  something  less  than  the  current  24  weeks. 

Rationale  cited  for  this  modification  was  the  elimination 
of  Message  and  Circuit  Switch  operator  duties  from  MOS  36L, 
following  test  experience  which  supported  use  of  MOS  36L  exclu¬ 
sively  as  the  system  maintainer.  Another  reason  offered  by  a 
USASC  source  was  a  lack  of  confidence  in  the  Army's  ability  to 
manage  enlisted  communications  personnel  by  ASI.  Under  the  pre¬ 
vious  training  scheme,  all  36Ll0s  would  have  carried  an  ASI  to 
indicate  which  of  three  switches  (AN/TYC-39,  AN/TTC-39,  or 
AN/TTC-38)  they  were  regarded  as  competent  to  operate  and  main¬ 
tain  at  the  organizational  level.  Under  the  new  plan,  all  MOS 
36L10s  are  considered  qualified  to  maintain  either  the  AN/TYC-39 


or  AN/TTC-39  switch.  Those  considered  also  competent  to  maintain 
the  AN/TTC-38  switch  at  OL  will  be  awarded  an  ASI. 

b.  MOS  36C  (M) 

As  mentioned  in  paragraph  D.6  supra,  no  increase  in  the 
initial  resident  instruction  for  the  AN/TTC-39  Circuit  Switch 
Call  Service  Attendant  was  anticipated  in  original  training  plans 
prepared  in  1979.  Test  experience,  however,  identified  a  need 
for  more  extensive  resident  training,  and  also  resulted  in 
combining  service  attendant  duties  with  operator  duties 
previously  assigned  to  MOS  36L10.  Consequently,  the  resident 
course  has  been  doubled  from  4  to  8  weeks. 

c.  MOS  72EZ2 

Training  input  to  the  FQQPRI  and  the  1979  Individual  and 
Collective  Training  Plan  (ICTP)  originally  predicted  an  increase 
of  3  weeks  in  training  for  the  Message  Switch  (MS)  Traffic  Ser¬ 
vice  Attendant  (TSA)  which,  at  the  time  of  the  estimate,  was 
MOS  72G.  Subsequently,  the  MS  TSA  MOS  was  changed  to  72E  with  an 
ASI  Z2.  The  estimated  increase  in  training  for  the  ASI  is  now  7 
weeks.  This  larger  increase  in  training  time  is  due  to  the  fact 
that  a  number  of  skills  required  of  the  MS  TSA  are  taught  in  the 
base  MOS  72G  course,  but  are  not  covered  in  the  base  MOS  72E  In¬ 
struction.  This  increase  is  partially  offset  by  the  reduction  in 
number  of  students  originally  programmed  to  attend  the  MOS  72G 
course. 

d.  Other  MOSs 

Predicted  minor  changes  in  resident  training  for  other 
enlisted  MOSs  supporting  the  operation  and  maintenance  of  both 


switches  remained  unchanged  by  DTE/IOTE  at  the  end  of  the  FSED 
Phase  and  follow-on  testing  conducted  so  far  in  the  Production 
Phase.  However,  follow-on  evaluation  the  AN/TYC-39  MS  indicated 
a  need  to  increase  resident  training  of  MOS  290A,  the  Warrant 
Officer  Telecommunications  Technician,  to  4  weeks  versus  the  1 
week  originally  predicted  in  1979. 


e.  New  Eauipment  Tranin 


Other  than  TRADOC  doctrinal  training,  no  NET  was  ori¬ 
ginally  planned  for  either  switch.  It  was  assumed  that  suf¬ 
ficient  numbers  of  resident  trained  personnel  would  be  available 
to  support  the  fielding  schedule  for  both  switches.  It  was  also 
incorrectly  assumed  that  the  Full  Scale  Engineering  Development 
(FSED)  model  switches  currently  available  at  the  USASC  for  resi¬ 
dent  training  would  be  quickly  upgraded  to  resemble  production 
models.  It  is  now  predicted  that  modifications  to  FSED  model 
switches  at  USASC  will  not  be  made  until  about  mid  1983.  Even 
then,  the  FSED  models  will  not  look  like  the  production  switches 
and  two  sets  of  technical  manual  documentation  will  have  to  be 
maintained  on  each  of  the  school  switches.  There  is  a  plan  to 
loan  a  production  Message  Switch  to  USASC  sometime  in  1983  for 
about  a  one  year  period. 

Based  on  this  situation,  NET  is  now  being  planned  to 
acquaint  unit  personnel  with  differences  between  the  FSED  model 
switches  on  which  they  were  trained  and  the  production  switches 
they  will  be  issued.  This  training  will  be  conducted  by  the 
contractor  as  part  of  the  materiel  fielding  process. 


4.  Manual  Modifications 

Significant  deficiencies  in  operator  and  maintenance  manuals 
identified  during  DTE/IOTE  and  confirmed  during  follow-on  testing 
during  this  phase,  are  being  addressed.  A  separate  Skill 
Performance  Aids  (SPA)  contract  with  GTE  was  issued  in  September 
1981  for  both  switches.  However,  products  from  that  contract 
were  not  expected  before  December  1982,  too  late  for  use  in 
resident  training  begun  before  that  time  and  only  3  months  prior 
to  the  Initial  Operational  Capability  date  for  the  Message 


Switch. 


IV.  DETERMINATION  OF  MPT  REQUIREMENTS  -  ANALYSIS 


A.  INTRODUCTION 

As  discussed  in  Sections  II  and  III,  the  AN/TTC-39  Program 
has  not  followed  the  acquisition  pattern  outlined  in  the  Army's 
LCSMM.  The  skipped  Conceptual  Phase,  abbreviated  Demonstration 
and  Validation  Phase,  and  lengthy  Engineering  Development  phase 
are  examples  of  how  the  program  departed  from  the  suggested 
LCSMM  process.  Such  deviations  from  "standard"  are  neither 
unusual  nor  necessarily  damaging  to  a  system  development  program, 
so  long  as  the  acquisition  community  takes  steps  to  ensure  that 
critical  events  are  not  skipped  and  to  compensate  for  those  steps 
that  are  bypassed. 

Obviously,  the  key  to  making  the  process  work,  particularly 
when  the  LCSMM  is  significantly  modified,  is  communication. 

Clear,  continuous,  and  multiple  lines  of  communication  must  be 
established  early  in  the  acquisition  process  between  counterparts 
representing  the  materiel  developer,  combat  developer,  tester, 
and  contractor ( s) .  This  sounds  simple  enough  in  theory  but  seems 
to  rarely  happen  in  actual  practice.  Often  times,  equivalent 
counterparts  either  do  not  exist  or  at  best  are  hard  to  find  in 
all  segments  of  the  heterogeneous  acquisition  community  for  a 
given  system.  Organizational  and  geographical  separation  com¬ 
bined  with  inequalities  among  counterparts  in  such  areas  as 
experience,  training,  grade  level,  organizational  depth,  program 
priority,  and  assignment  stability  also  weaken  communication 
effectiveness  and  consistency. 


The  AN/TTC-39  Program  has  not  been  immune  to  this  problem. 


Underlying  most  of  the  issues  addressed  in  this  analysis  is 
evidence  of  either  good  or  poor  communication,  depending  on  how 
the  issue  was  handled. 

B.  HUMAN  FACTORS  ENGINEERING 

How  well  soldier  and  machine  interface  in  any  new  system  is 
largely  a  function  of  how  well  and  how  early  human  factors 
engineering  is  integrated  into  the  total  system  design.  This  is 
not  to  imply  that  full  or  even  prime  responsibility  for  effective 
Soldier-Machine  Interface  (SMI)  belongs  to  the  Human  Factors 
Engineer  working  for  the  system  contractor.  On  the  contrary,  the 
ultimate  responsibility  for  ensuring  good  system  SMI  rests  with 
the  Army  itself.  The  Army  acquisition  community  generally,  and 
the  combat  developer  or  other  appropriate  user  representative 
specifically,  must  become  aggressively  involved  in  the  initial 
process  of  defining  a  new  system.  The  definition  must  go  beyond 
hardware  description  to  include  HFE/MPT  requirements  and  con¬ 
straints  to  be  considered  in  the  basic  design. 

The  second  and  more  difficult  step  is  articulation  of  con¬ 
straints  and/or  requirements  to  contractors  in  precise  language 
that  can  be  both  understood  and  applied  during  the  design 
process;  simple  reference  to  military  standards  and  specifica¬ 
tions  is  not  enough.  It  can  be  argued  that  detailed  specifica¬ 
tions  dampen  design  initiative  and  imagination  and  lead  to  de¬ 
velopment  of  systems  which  are  inferior  to  those  designed  with 
relatively  few  contraints.  The  counter  argument  is  that,  life¬ 
cycle-cost  considerations,  in  terms  of  both  dollars  and  people. 


demand  that  contractors  be  given  some  specific  criteria  concern¬ 
ing  operation  and  maintenance  of  proposed  systems.  Otherwise,  a 
contractor  might  design  a  highly  capable  and  even  cheap  to  pro¬ 
duce  system,  but  one  which  can  be  neither  operated  nor  main¬ 
tained  by  projected  available  manpower  (quantitative  or  qualita¬ 
tive)  . 

Language  in  RFPs  and  early  development  contracts  related  to 
MPT/HFE  requirements  and  constraints  must  be  definitive,  precise, 
and  most  important,  enforceable.  In  RFPs,  for  example,  HFE/MPT 
issues  should  be  specifically  weighted  in  the  source  selection  cri¬ 
teria  or  be  a  clearly  identifiable  part  of  Integrated  Logictic  Sup¬ 
port  (ILS),  which  itself  should  be  given  significant  weight  in  the 
selection  process. 

Human  Factors  Engineering  has  had  little  influence  on  the 
design  of  either  switch  in  the  AN/TTC-39  Program,  precisely  because 
the  Army's  Combat  developer  (TRADOC)  did  not  play  any  significant 
role  in  the  development  of  early  system  requirements/specifica¬ 
tions,  and  because  the  Army  neither  stressed  nor  demanded  signi¬ 
ficant  HFE  effort  from  the  contractor  in  RFPs  and  contracts.  The 
Program  Manager  encouraged  strong  HFE  performance  during  the  FSED 
phase  by  funding  and  supporting  HEL  interaction  with  Human  Factors 
Engineers  at  GTE.  That  this  effort  was  not  successful  is  attested 
to  by  the  fact  that  HEL's  formal  HFE  analysis  of  the  switches  near 
the  end  of  the  FSED  phase  found  significant  deficiencies  in  both. 
(Pgs.  30,  33,  34-37,  supra). 


fOALITATIVE  MANPOWER  REQUIREMENTS 


C.  £ 

There  is  no  reliable  standard  set  of  tools/techniques  for 
determinine  qualitative  manpower  requirements  for  new  Army 
systems;  however,  a  number  of  research  initiatives  are  underway 
to  develop  such  a  methodology.  Currently,  Subject  Matter  Experts 
(SME)  in  the  Army's  materiel  (DARCOM)  and  combat  (TRADOC) 
development  communities  independently  estimate  qualitative 
requirements  using  a  variety  of  criteria  such  as  professional 
judgement;  operational  and  maintenance  experience  with  like  or 
similar  systems;  the  existing  MOS  structure;  and  when  available, 
task  and  skill  analyses  generated  either  by  Logistic  Support 
Analysis  ( LSA)  or  other  similar  processes.  The  qualitative  estima¬ 
tion  process  is  initiated  by  the  materiel  developer  and  documented 
in  a  QQPRI. 

In  the  case  of  the  AN/TTC-39  Program,  the  earliest  qualita¬ 
tive  manpower  estimate  for  each  switch  was  prepared  by  the  con¬ 
tractor  (GTE)  rather  than  the  materiel  developer  (CECOM/PM-MSCS) . 
The  estimate  was  prepared  in  response  to  a  single  sentence  in  the 
engineering  development  contract  requiring  GTE  to  prepare  a 
QQPRI,  and  there  is  no  evidence  that  the  Army  provided  the  con¬ 
tractor  subsequent  guidance  and  assistance  in  developing  the 
qualitative  estimate. 

The  duty  positions  and  MOSs  proposed  by  the  contractor  were 
not  supported  by  any  detailed  task/skill  analysis,  and  the  re¬ 
quired  knowledge  and  qualifications  cited  for  each  proposed  MOS 
were  basically  a  repeat  of  those  stated  in  AR  611-201.  Most  of 
the  contractor  proposed  MOSs  directly  involved  in  the  operation/ 


maintenance  of  both  switches  were  subsequently  changed  in  the 
FQQPRI  to  other  MOSs  in  the  same  or  related  Career  Management 
Fields  ( CMFs )  (pgs.  40-45,  supra). 

In  the  process  of  determining  qualitative  manpower  require¬ 
ments,  a  detailed  task/skill  analysis  by  the  contractor  would 
have  been  a  more  useful  product  to  the  Army  than  a  QQPRI .  The 
contractor  had  little  understanding  and  even  less  experience 
concerning  either  the  development  of  or  the  purposes  served  by 
such  a  specific  document.  It  is  a  product  more  appropriately 
prepared  within  the  Army  by  SMEs,  particularly  those  in  the 
combat  development  community,  who  theoretically  have  a  better 
understanding  of  the  CMF(s)  likely  to  be  affected  by  introduction 
of  a  new  system.  A  detailed  task/skill  analysis  is  a  valuable 
and  powerful  tool  which  permits  Army  SMEs  to  assess  the  impact  of 
a  new  system  on  a  CMF  and  to  make  sensible  tradeoffs  between  a 
need  for  adjustment  of  existing  MOSs  and  creation  of  new  ones. 

Although  the  Army  reviewed  the  QQPRIs  prepared  by  the  con¬ 
tractor,  the  depth  and  breadth  of  those  reviews  were  limited  by 
the  lack  of  task/skill  analyses.  Such  analyses  were  also  un¬ 
available  to  support  independent  Army  estimates  prior  to  testing. 
The  following  example  is  offered  to  illustrate  that  pre-DTE/IOTE 
estimates  of  proposed  qualitative  requirements  were  inadequate. 

One  contractor  proposal  in  the  earliest  QQPRI,  concerning 
the  make-up  and  utilization  of  both  switch  crews,  remained 
unchanged  and  even  unchallenged  by  the  Army  until  testing  some  4 
years  later  disproved  the  concept.  The  contractor  proposed  that 
the  organizational  level  maintainer  share  Operational  duties  with 


2 


the  service  attendent  for  each  switch  and  that  the  operator/main- 
tainer  also  be  the  switch  supervisor.  Government  testing  and 
evaluation  found  that  all  operational  duties  should  be  performed 
by  the  service  attendant  for  each  switch  and  that  the  maintainer 
should  have  no  other  responsibilities,  including  supervisory. 

Had  a  detailed  task/skill  analysis  been  done  in  support  of  the 
QQPRI  preparation,  and  interactively  reviewed  by  the  contractor, 
combat  developer,  and  materiel  developer,  it  is  possible  that  the 
same  conclusions  could  have  been  reached  much  earlier  in  the  FSED 
phase.  An  earlier  decision  would  have  improved  DTE/IOTE  crew 
training  and  permitted  earlier  development  of  realistic  and 
definitive  resident  training  programs  (pgs.  42,  45,  &  47,  supra). 

Another  early  qualitative  proposal  disproved  during  DTE/IOTE 
was  selection  of  MOS  72E  as  the  Message  Switch  Traffic  Service 
Attendant  (TSA) .  Again,  it  is  believed  that  an  early  task/skill 
analysis  would  have  demonstrated  that  the  TSA  must  be  qualified 
to  work  in  an  automatic  digital  message  switching  center;  that 
MOS  72E  did  not  include  that  qualification;  and  that,  therefore, 
MOS  72G  or  some  new  combination  of  72E/72G  would  be  better  suited 
for  performance  of  attendant  duties.  Although  the  TSA  MOS  was 
eventually  changed  back  to  72E,  it  now  carries  an  ASI  which 
recognizes  the  specialized  duties  of  the  Message  Switch  atten¬ 
dant  (pgs.  45,  49,  &  57,  supra). 

Two  qualitative  decisions  for  which  no  formal  supporting 
ratic  ■■•ile  could  be  found  were  the  addition  of  MOS  76C  to  both 
■witch  crews  and  the  addition  of  MOS  290A  to  the  Message  Switch 
crew  as  the  overall  switch  supervisor. 


The  fact  that  a  detailed  task  and  skill  analysis  was  not 
available  to  support  QQPRI  qualitative  judgements  may  be 
attributable  in  part  to  limited  early  performance  and  eventual 
stoppage  of  LSA  by  the  contractor  early  in  the  FSED  phase 
fpg.  38/  supra). 

D.  QUANTITATIVE  MANPOWER  REQUIREMENTS 

The  tools  and  techniques  for  determining  quantitative  man¬ 
power  requirements  are  no  more  standard  or  analytically  sound 
than  those  in  use  for  estimating  qualitative  needs.  Quantitative 
estimation  techniques  currently  in  use  include  professional  judg¬ 
ment,  particularly  for  operator  positions;  operational  and 
maintenance  experience  with  like  or  similar  systems;  0&0  con¬ 
cepts,  including  usage  and  displacement  rates;  and  for  mainte¬ 
nance  requirements,  DPAMMH,  either  estimated  or  generated  by  the 
LSA  process,  in  combination  with  factors  provided  in  AR  570-2, 
Manpower  Authorization  Criteria  (MACRIT) . 

The  quantitative  process,  like  the  qualitative,  is  initiated 
by  the  materiel  developer  (usually  a  subordinate  Materiel  Deve¬ 
lopment/Readiness  Command  (MDC/MRC)  within  DARCOM)  through  pre¬ 
paration  of  a  QQPRI.  Quantitative  inputs  to  the  QQPRI  by  the 
MDC/MRC  include  an  estimate  of  direct  operators  needed  to  make  up 
a  single  shift  crew,  and  DPAMMH  by  MOS  and  level  of  maintenance 
for  each  system  component  and  Associated  Support  Items  of  Equip¬ 
ment  (ASIOE) .  Except  for  the  direct  crew  size,  the  materiel 
developer  makes  no  independent  estimate  of  quantitative  manpower 
requirements.  The  combat  developer  (usually  a  proponent  school 
within  TRADOC)  makes  the  quantitative  estimate  using  data  from 
the  QQPRI,  and  employing  some  combination  of  the  nonstandard 


tools  listed  above.  The  quantitative  estimate  is  then  documented 
in  a  BOIP  which  lists  changes  in  manpower  by  MOS  and  grade  re¬ 
quired  in  each  Army  organization  slated  to  receive  the  system. 

The  earliest  quantitative  manpower  estimates  for  the  TTC-39 
Program  were  made  in  QQPRIs  prepared  by  the  contractor  in  July 
1975  and  January /February  1976  (Table  III-l,  Supra).  Rationale 
for  numbers  of  personnel  estimated  was  not  provided ,  but  the  data 
appears  to  have  been  based  primarily  on  experience  with  like  or 
similar  systems.  No  DPAMMH  were  either  reported  in  contractor 
QQPRIs  or  even  cited  as  a  basis  for  computing  quantitative  man¬ 
power  estimates. 

The  contractor's  estimated  crew  size  of  10  for  continuous 
operation  of  each  switch  was  subsequently  reduced  to  six  by  Army 
estimates,  the  rationale  for  which  could  not  be  determined 
(Tables  III-3  and  III-4,  Supra).  This  crew  size  has  been  found 
to  be  adequate  by  testing  conducted  thus  far.  However,  the  addi¬ 
tion  of  one  MOS  76C  to  the  MS  crew  and  subsitution  of  a  76C  for  a 
36C  (M)  on  the  Circuit  Switch  as  shown  in  the  1981  AMIN  is  not 
supported  by  any  rationale  that  could  be  found  during  this  study. 
Quantitative  maintenance  requirements  above  Organizational  Level 
(OL)  so  far  have  not  been  validated  by  either  testing,  LSA  data, 
or  any  other  analytically  based  method.  The  validity  of  those 
estimates  will  probably  not  be  known  until  sometime  after  the 
switches  are  fielded. 

The  only  documented  attempt  to  analytically  estimate  aggre¬ 
gate  manpower  requirements  for  the  TTC-39  Program  was  found  in 
the  Manpower  Analysis  Paper  III  (MAP  III),  prepared  by  USASC  in 
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support  of  DSARC  III/IIIA.  Based  on  the  per  system  quantitative 


requirements  estimated  in  the  BOIPs,  it  predicts  that  the  direct 
impact  of  fielding  both  switches  on  the  Army's  total  manpower 
requirements  will  be  minimal  (pgs.  50  &  51,  supra). 

The  analysis,  however,  made  no  attempt  to  estimate  the  in¬ 
direct  impact  that  switch  fielding  may  have  on  the  Army's  total 
manpower  bill.  This  impact  could  be  significant,  given  the 
proliferation  of  existing  and  other  new  comunication  systems 
which  eventually  must  interface  with  the  AN/TTC-39  switches.  The 
Soldier  Support  Center-National  Capital  Region  (SSC-NCR)  is 
attempting,  through  its  functional  reviews,  to  improve  the  Army's 
ability  to  forecast  aggregate  manpower  requirements  (pgs.  51  & 

52,  supra). 

E.  TRAINING  REQUIREMENTS 

An  estimate  of  training  requirements  (course  length  &  con¬ 
tent)  for  a  new  system  can  be  only  as  good  as  the  prediction  of 
qualitative  manpower  required  to  operate  and  maintain  it.  The 
Two  are  inexorably  linked,  thereby  suggesting  that  the  combat 
developer  (TRADOC  proponent  school)  should  be  the  key  participant 
in  the  process  of  performing  both  appraisals. 


Within  the  acquisition  community,  a  proponent  school  for  any 
given  Career  Management  Field  (CMF)  is  theoretically  in  the  best 
position  to  know  all  the  dynamics  affecting  MOSs  in  that  CMF, 
e.g.,  other  new  systems  planning  to  use  the  same  MOS,  training 
shortfalls  reported  by  field  units,  CMF  restructing  studies,  and 
difficulties  in  meeting  training  projections  (input  or  output). 
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In  the  case  of  the  AN/TTC-39  Program,  the  US  Army  Signal 
Center  (USASC)  is  the  proponent  school.  The  Center  has  been 
actively  involved  in  the  MPT  requirements  determination  process 
since  1979,  but  had  little  impact  on  it  prior  to  the  closing 
'months  of  the  FSED  phase. 

The  Army’s  acceptance  of  the  contractor's  approach  of  using 
the  MOS  36L  as  an  operator/organizational  level  maintainer  and 
switch  supervisor  for  both  switches  resulted  in  overtraining  the 
MOS  36L  personnel  and  undertraining  switch  service  attendants 
(MOS  72E  6  MOS  360  for  DTE/IOTE .  The  inefficacy  of  that 
approach,  predictable  through  analysis,  but  recognized  only 
after  testing,  has  also  caused  major  late  changes  to  be  made  to 

resident  training  plans  for  all  three  MOSs,  some  of  which  are 

/ 

still  underway  and  most  of  which  lengthen  the  courses  (pgs.  51, 
57  &  66-67,  supra). 

Another  example  of  inadequate  analysis  prior  to  testing  which 
affected  training  concerns  the  Message  Switch  attendant.  In  a 
critique  of  the  contractor's  1976  QQPRI,  The  Army  suggested  that 
the  Traffic  Service  Attendant  (TSA)  should  be  MOS  72E,  without 
modification;  the  government's  subsequent  FQQPRI  also  made  the 
same  choice.  Acceptance  of  that  MOS  without  any  apparent  pretest 
analysis,  resulted  in  poor  performance  of  the  MOS  72E  during 
DTE/TOTE  because  of  inadequate  training  (pgs.  45  &  57,  supra). 

Evidence  examined  during  this  study  suggests  that  major  revi¬ 
sions  in  the  original  training  requirements  estimate  may  have 
been  avoidable  had  the  contractor/mater iel  developer  produced  a 
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V.  CONCLUSIONS 


A.  Manpower/  Personnel/  and  Training  (MPT)  requirements/ 
constraints  were  neither  well  defined  in  early  requirements  and 
contractual  docume  its  nor  adequately  addressed  in  early  system 
development  documents  and  events. 

B.  Despite  the  best  efforts  of  the  Human  Factors  Engineering  (HFE) 
Group  within  GTE,  and  close  monitorship  and  support  of  the  HFE 
effort  by  the  Human  Engineering  Laboratory  (HEL),  HFE  had  little 
effect  on  the  design  of  either  switch.  Numerous  Soldier-Machine 
Interface  (SMI)  problems,  both  environmental,  e.g.,  high  noise 

and  low  air  conditioning  levels,  and  operational,  e.g.,  inconsistent 
displays/printouts,  although  defined  early  in  the  development  pro¬ 
cess,  continued  to  plague  both  switches  as  the  program  entered  the 
Production  and  Deployment  Phase.  The  minimal  influence  of  HFE  on 
design  is  primarily  attributable  to  a  lack  of  definitive  guidance, 
clearly  stated  specific  objectives,  and  obligatory  language  con¬ 
cerning  HFE  in  Requests  for  Proposals  and  the  Engineering  Develop¬ 
ment  Contract. 

C.  Early  Qualitative  and  Quantitative  Personnel  Requirements 
Information  (QQPRIs)  prepared  by  the  contractor,  with  minimal 
guidance  from  the  Army,  were  of  little  value  in  the  process  of 
estimating  manpower  requirements  for  either  switch;  they  provided 
no  quantitative  maintenance  data  and  only  the  barest  outline  of 
tasks  and  skills  required  to  operate  and  maintain  the  switches. 

There  was  no  substantive  review  and  critique  of  these  documents 
by  the  Army. 


D.  Subsequent  QQPRIs  prepared  by  the  Army  during  the  engineering 
development  phase  provided  fairly  consistent  estimates  of  quali¬ 
tative  manpower  requirements;  a  number  of  these  requirements, 
however,  were  found  to  be  inaccurate  by  government  testing.  Each 
of  the  Army  QQPRIs  presented  the  same  set  of  Direct  Productive 
Annual  Maintenance  Manhours  (DPAMMH)  based  on  a  preliminary  and 
substantially  incomplete  maintenance  engineering  analysis. 

E.  Stoppage  of  formal  Logistic  Support  Analysis  (LSA)  by  GTE  in 
1976  has  hindered  the  Army's  ability  to  predict  maintenance  manpower 
and  training  requirements  for  both  switches.  Early  Maintenance 
Engineering  Analyses  (MEA)  based  on  Generalized  Electronic  Mainte¬ 
nance  Model  (GEMM)  runs,  provided  initial  rough  estimates  of  re¬ 
quirements.  However,  the  continuous  data  flow  of  steadily  im¬ 
proving  quality,  theoretically  provided  by  the  LSA  process,  has  not 
been  available  to  planners.  Periodic  LSA  output  reports  such  as  the 
"Personnel  and  Skill  Summary"  and  the  "Direct  Annual  Maintenance  and 
Operator  Man-Hours  by  Skill  Specialty  Code  and  Level  of  Maintenance" 
are  nonexistent  in  the  AN/TTC-39  Program. 

F.  Formal  government  testing  and  evaluation  did  not  begin  until 
both  switches  were  nearing  the  end  of  the  engineering  development 
phase,  some  6  1/2  years  after  program  start.  Consequently,  a 
number  of  training  inadequacies,  qualitative  personnel  questions, 
and  soldier-machine  interface  design  deficiencies  either  went 
undetected  or  at  least  avoided  being  seriously  addressed  until 
DTE/IOTE  test  reports  were  written. 


G.  Government  testing  to  date  has  not  adequately  assessed  the 
maintainability  of  either  switch  by  military  personnel  above  the 
organizational  level.  The  next  government  test  likely  to  measure 
maintainability  at  Direct  Support  (DS)  and  General  Support  (GS) 
maintenance  levels  is  a  Follow-on-Evaluation  (FOE)  by  the  U.S. 
Army  Operational  Test  and  Evaluation  Agency  scheduled  with  the 
Initial  Operational  Capability  (IOC)  unit  in  the  4th  Qtr,  FY  83. 
Should  this  very  late  testing  fail  to  substantiate  current 
estimates  of  DS/GS  manpower  and  training  requirements,  supporta- 
bility  of  initially  fielded  systems  could  be  adversely  affected. 
If  problems  are  serious  enough,  scheduled  fielding,  already  late, 
could  be  further  delayed. 

H.  Fielding  of  the  Message  and  Circuit  Switches  is  expected  to 
affect  both  qualitative  and  quantitative  manpower  and  training 
requirements  for  other  existing/emerging  communications  systems 
and  organizations  which  must  eventually  interface  with  one  or 
both  AN/TTC-39  Program  switches.  Such  effects  have  not  been 
accurately  measured;  hence,  the  Army's  long-range  manpower  and 
and  training  needs  attributable  to  deployment  of  the  Message  and 
Circuit  Switches  is  still  unknown. 
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o  DA  System  Coordinator  (DASC),  Ofice  of  the  Deputy  Chief 
of  Staff,  Research,  Development,  and  Acquisition 
(ODCSRDA). 

o  Force  Integration  System  Officer  (FISO),  Office  of  the 
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-  Maintenance  Engineering  Directorate 

-  Integrated  Logistics  Support  Directorate 
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Division 
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